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PREFACE

The state of the atmosphere over national ranges and acrospace vehicle launch and/for recovery sites is critical
not only to launch and recovery operations, but 10 acrospace rescarch and development, as well. In the carly 1960s,
missile range operators recognized the nced for a realistic atmospheric mode! that was consistently derived for cach
of the scveral major missile fest ranges then in operation. Such a model, derived from climatological statistics for a
given location, was developed and named a "range reference atmosphere.” Even though the application has since
broadened to include all acrospace launch and/or recovery sites, the model is still referred to as a "range refercnee
atmosphere,” or "RRA.”

The (irst RRA (for Cape Canaveral) was prepared in 1963 by the Inter-Range Instrumentation Group (IRIG).
More RRAs were produced for other ranges through 1974, Since then, improved upper-air databases have become
available not only because of an extended period of record, but because of more and better rocketsonde data above
30 k. Although some improved RRAs were published in 1983 and 1984, revisions must continuc, becausc:

«Acrospacc technology requirements continue to change--the space shuttle program is an example.

*Extended and improved upper-air databases for most existing ranges permit development of better, morc
comprchensive RRAs.

*New launch and recovery sites have been opened.
*There have been significant advances in understanding the structure and physics of the upper atmospheric.

*There have heen similar advances in statistical modcling techniques, largely because of ever-larger, faster, and
more sophisticated computers.

For these reasons, the Range Refcrence Atmosphere Committce (RRAC) was tasked by the Range
Commander’s Council/Metecorology Group (RCC/MG) to produce new and revised RRAs, as required. The RRAC,
through Task MG-[, publishes RRAs for ranges specified by the RRC. An RRA. as has already been mentioned. is
a modcel of the aunosphere over a specificd geographical arca that delincates an acrospace vehicle launch andfor
rccovery site. RRAs are for use by DoD and other U.S. Government users in planning, evaluating, and establishing
environmental launch/recover, constraints for a specilic facility and the acrospace vehicles launched and/or
recovered there.

The RRA tasking requires using the best available upper-atmosphere databases (rawinsonde, rockelsonde, and
any other high-altitude data source) o create and publish (in standard format) a consistently derived model of wind
and thermodynamic values through a cross-section of the upper atmosphere from surface to a specificd height. The
individual RRA serves as the authoritative source for upper-atmosphere climatology at a given launch/recovery site.

Wind statistics, insofar as practical. are modefed 1o be consistent with the rigorous mathematical probability
properties of the multivariate normal probability theory. Thermodynamic statistics, insolar as practical, are modeled
to be consistent with the hydrostatic equation, the equation of state, and related probability principlcs.

In keeping with the RCC's ohjective of standardization, modeling technique, basic text, and tabulation formats
arc is the same for all RRAs. RRAs published in 1990 have undergone minor format changes designed o make
them conform to DoD and ANSI technical publications standards.  All RRAs provide mcan valucs of
thermodynamic quantities (pressure, temperature, and density) and moistire quantitics (vapor pressure, virtual
temperature, and dew point temperature). These values include a statistical measure for the dispersion: that is,
standard deviations and skewness cocfficients.  The propertics of the bivariate normal probability distribution
function arc uscd for statistical modceling of wind.
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The first RRA 10 be published in this new (1990) series was for the Wake Island Missile Range, with an altitude
range from 0 1o 30 kin. The order of priorily for subsequent publications in the RRA serices is:

Range

Altitude Range Required

1. Nellis Range Complex, NV
2. Shemya, AK

3. Thule, GR

4. Fairbanks, AK

0-30km
0-70km
0-70 km
0-30km

All final computations in this RRA series were performed by the USAF Environmental Technical Applications
Center (USAFETAC) in response 10 taskings from the Ballistic Missite Office (BMO), HQ Air Weather Service

(AWS/SYJ), and Detachment 2, Space Division.

Majors Cheryl Souders and Walter Miller, and Capts Doug Adamson and Brian Bjornson (all of
USAFETAC/DNO), rewrote the software used to provide the primary tables, updated Chapters | through 4, and
prepared the appendices. USAFETAC/LDE formatted and edited the text and graphics, prepared the camera-rcady
copy in standard DoD technical report format, and published the document as a USAFETAC project report.

The RRC/MG Range Reference Atmosphere Committee is made up ol representatives from the Air Force,
Army, NASA, Navy, and NOAA. The RRA committee members were:

Mr J. Lee (USAKA)

Mr D. Godwin (USAKA)
Ms J. Bailey (YPG)

Mr T.O. Mclntire (YPG)
Mr S.W. Bieda, Jr. (EPG)
Mr G. Boire (WSMO)
Mr H.C. Herring (ESMC)

Col J.T. Madura, USAF (ESMC)

Maj A F. Dye, USAF (ESMC)
Mr B.F. Boyd (ESMC)

Mr C. W, Fain (ESMC)

Maj R. Hughes USAF (AFFTC)

Lt B. Hickel, USAF (AFFTC/UTTR)

CPO G.A. Dillie, USN (NWC)
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Mr D.R. Thomley (WSMR)

Mr EJ. Keppel (MSD)

Capt R.M. Fogarty, USAF (6585th TG)
Lt Col T.F. Tascione, USAF (MSD)
Mr J. Kerwin (MSD)

Lt Col R.J. Ericson, USAF (CSTC)
Capt W. Gibbons, USAF (TFWC)
Mr L.S. Corbett (NWC)

Mr 1.J. Genola (NWC)

Mr D. Tolzin (PMTC)

Lt R. Kren, USN (NATC)

Mr J. Trischman (NATC)

Lt Col J.E. Erickson, (USAFETAC)
Mr R. Olsen (WSMR), Chairman




Chapter 1

INTRODUCTION TO THE THE RANGE REFERENCE ATMOSPHERE (RRA)

1.1 THE RRA DEFINED.

A "reference atmosphere” is a statistical model of the earth’s atmosphere, derived from upper-air observations over a
specific location. The atmospheric models developed by the Range Reference Atmosphere Commitice (RRAC) in
response o a tasking by the Range Commander’s Council/Meteorology Group (RCC/MG) and published by the
Secretariat, Range Commander’s Council (RCC) are called "Range Reference Atmospheres,” or "RRAs.” The first
series of RRAs was published from 1963 10 1974, and a second scries was issued in 1983 and 1984,

1.2 PURPOSE OF THE RRA.

The individual RRA is the authoritative source for upper-atmosphere climatology over the launch and/or recovery
site for which it has been prepared. RRAs are used to plan, evaluate, and establish environmental launch contraints
for acrospace vehicles launched from a particular location.

1.3 CONTENTS OF THE RRA.

RRAs contain tabulations for monthly and annual means, standard deviations, and skewness cocfficients for wind
speed, pressure, temperature, density, water vapor pressure, virtual temperature, and dew point temperature.  They
also provide mcans and standard deviations for zonal and meridional wind components and the lincar (product
moment) correlation cocfficient between wind components. Statistical values are tabulated (at the station ¢lcvation)
at 1-km intervals from sea level (MSL) to 30 km and at 2-km intervals from 30 to 70 km. Wind siatistics begin at
about 10 meters abcve station elevation, and continue at aliitudes with respect 10 MSL thereafter.  For ranges
without rocketsonde measurements, RRAs terminate at 30 km; they may be extended upward, if nccessary, when
rocketsonde data from a nearby location can be made available.

1.4 UNITS OF MEASUREMENT USED IN RRAS.

All wind speeds are in meters per second (m/s). In all cases, the skewness coefficient and the correlation cocfficient
between wind componcnts are unitless. Pressure (including water vapor pressure) is in millibars (mb). Temperature
and virtual temperature are in kelvin (K). Density is in grams per cubic meter (gm/ms). All altitudes are geometric,
in kilometers (km). All hcights are geopotential, also in kilometers (km). Al altitudes/heights are in relation 0
mean sca level,

1.5 RRA QUALITY CONTROL.

Less than 10 percent of the soundings in the database used (o caiculate the RRA tables contained erroncous data.
Soundings that did contain erroneous values data were eliminated from the database. Steps taken to produce an
RRA that is as error-free as possible are described below:

(1) Soundings with gaps in their pressure levels of more than 200} mb were rejected. These soundings were
climinated because some contained height values only for mandatory pressure levels; when some heights at the
mandatory levels were missing, the interpolated sounding contained significant errors.

(2) An initial set ol RRA statistics was computed using all the remaining soundings (i.e., those that had not
been rejected). This set was then used to determine data limits for temperature, pressure, U and V components of
wind, density, and dew point for the 0-30 km portion, and density only from 30 10 60 km (in RRAs that go that
high). The lower (or upper) data limits were sct at the mean value for each variable, minus (or plus) six standard
deviations of that quantity. Onc pair of data limits was computed for each of the atmospheric variables, the month,
and the data Ievel.

(3) The first sct of data limits was then used to screen the database. All soundings that contained valucs outside
the data limits were rejected. A new RRA was then computed using the screened databasc, and the second RRA was
used to gencrate a second set of data limits.




{4) The second set of data limits was then used {0 screen the database further, and still another RRA was
gencratcd. The skewness values in this one were evaluated according to empirical criteria specified in Scction 2.2 of
this document (for winds) and in Section 3.2 (for thermodynamic quantities). 1f these criteria were satislied. the
third RRA was used to gencrate a final set of data limits, which were uscd (0 quality control the database (or the
final version of the RRA.

(§) Occasionally, the third RRA did not satisty all the skewness criteria, indicating that the datbase sl
contained some crroneous values. To complete quality control, the "limits-10-RRA-to-limits" cycle was repeated
(usually once or twice) until the resulting RRA satislicd the skewness criteria. When it did, a final set of data limits
was gencrated, then used to quality control the databasc and produce the final RRA.

1.6 HOW THE RRA IS ORGANIZED.

RRA documents arc published in four chapters, with Chapter 1 providing the introduction. Chapter 2, "Wind
Statistics and Models,” describes the techniques used to produce the wind statistics given in Table A-1 through
A-13, Appendix A: it also describes the probability functions used as wind models to derive several wind statistics.
Chapter 3, "Siatistics of Thermodynamic Quantities and Modcls," describes the techniques used to produce the
thermodynamic and moisture-related statistics in Tablcs B-1 through B-13 and C-1 through C-13, Appendices B and
C. It also describes the atmosphcric thermodynamic model in Tables D-1 through D-13, Appendix D. Chapter 3
also contains equations used to calculate several atmospheric properties. Chapter 4 provides conclusions and
recommendations. Chapters 1-4 are the same in each new RRA; only Appendices A-G (described below) vary from
RRA 10 RRA.

Appendix A contains monthly and annual wind statistics tables that give: (1) means and standard deviations of
zonal and meridional wind components, (2) the lincar (product moment) correfation coefficient hetween the two
components, (3) the mean, standard deviation and skewness coefficient of the wind speed, and (4) the number of
wind obscrvations (samplc sizc).

Appendix B contins monthly and annual thermodynamic statistics tables that give: (1) means, standard
deviations, and skewness values of pressure, temperature, and density; and (2) the number of observations used lor
cach of the thermodynamic quantitics.

Appendix C contains monthly and annual moisture-related statistics tables that give: (1) means, standard
deviations, and skewness values of water vapor pressure, virtual temperature, and dewpoint; and (2) the number of
observations for cach of the moisturc-related quantities. Statistical values for water vapor pressure and dewpoint
terminate at or below 15 km, depending on the range’s latitude. Above 15 km, statistical values of virtual
temperature are considered to be the same as those of temperature.

Appendix D contains monthly and annual tables that give hydrostatic model atmospheres for thermodynamic
variables ol pressure, virtual lcmperature, and density. Values are derived {from the monthly and annual mean virtual
temperature versus altitude (geometric) using the hydrostatic cquation and the cquation of state.  Also presented is
the geopotential height corresponding o the tabulated geometric altitudes.

Appendix E gives range-specific examples of certain wind statistics that can be derived from the basic data in
Appendix A.

Appendix F gives abular and graphic examples of certain pressure, density, and virtual temperature statistics
that can be derived from basic data in Appendices B, C, and D.

Appendix G gives range-specific information such as location and databasce description.

1.7 CONVERSION UNITS.
Numerical values in the RRA are metric. as given in the International System of Units (SI. Systeme linternational
d’Unites). Table 1-1 provides metric, U.S. Customary, and conversion units for all units uscd in this RRA,
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Chapter 2

WIND STATISTICS AND MODELS

2.1 GENERAL DISCUSSION.

One ol the objectives in developing an RRA is to describe the wind field over the launch/recovery sile as completcly
as possible with as few data tabulations as possible. With that in mind, the bivariatc normal probability distribution
was adopted as a statistical model for wind treated as a vector quantity at RRA data levels. Only [live statistical
parameters are required o complctely describe this probability function; in Cartesian coordinates, these parameters
are the means and standard deviations of the two orthogonal components, along with the correlation coefficient
between the two components. The tables in Appendix A give the five statistical parameters lor the zonal and
meridional (metcorotogical coordinate) components.  The statistical properties of the bivariatc normal probability
distribution arc used to derive many wind statistics of intcrest to range users. The procedure produces consistent
wind statistics that are connected through rigorous mathematical probability functions. By using these functions,
extensive tabulations of wind statistics are avoiacd.  Statistical properties of the bivariate normal probability
distribution presented for the vector wind statistical model are:

*Wind components are univariate normally distributed.

«Conditional distribution of one component, given a value of the other component, is univariate normally
distributed.

*Wind speed is in the form of a gencralized Rayleigh distribution.
*Frequency distribution of wind direction can be derived.
«Conditional distribution ol wind speed, given a value of wind direction (wind rose), can be derived.

«The five tabulated wind statistical parameters thal arc with respect to the meteorofogical zonal and meridionat
coordinate system can be derived for any arbitrary rotation of the orthogonal axes.

The RRA provides probability distribution functions and sets of equations to derive wind statistics for the previously
stated properties of the vector wind model; examples arc given in Appendix E.

No attempt is made here 1o give the derivation of the probability functions, but the reader is referred to Smith (1976)
for derivations and several applications of the probability distribution properties [or wind statistics.

Symbols used in Chapter 2, and their meanings, are given in Table 2-1, next page.




TABLE 2-1 Symbois Used In Chapter 2.

N

I

R’V

SK oWy

Sl

ANAN

S

UBAR

VBAR

o >~

A

0.0,

The pumber of wind measurements in Appendix A
A general variahle for the bivariate normal probability distribution in polar coordinates.
A generalized Ravleigh variable used for derived wind speed probability distribution.

The hinear (product moment) correlation coefficient between the zonat and meridional wind
components ¢ Appendix A

Skewness parameter for wind speed in Appendix A,

I'he standard deviation of the 7onal wind component in Appendix A.

The standard deviation of the meridional wind component in Appendix A.

The standard deviaton of wind speed in Appendix A.

A standardized normal variate used in Table 2.1,

The zonal wind component.

The nican value of the zonal wind component in Appendix A.

The meridional wind component.

The mean value of the meridional wind compoenent in Appendix A.

Wind speed or modulus of wind vector, a scalar quantity.

The mean value of wind speed in Appendix A,

A general component mean value in the [X, Y] coordinat: system.

A general component mean value in the [X, Y] coordinate system.

A general component varniable or coordinate axes.

A general compoenent variable or coordinate axes

(atphiy Rotation angle for the | X.¥] coordinate system.

fthetay Wind direction 1:2 the polar coordinate system.

tLambda) A parameter in the bvariate normal probability distribution in Table 2.2,
(X1 The mean value i the standardized normal probability distribution used in Table 2-1.
thn Constant = 114159

(Rhoy The general hnear correlation coefficient between the two component variables in the [x,yv]

coordinate svstem.

The general stanslard deviatons of the xand v component variables in the jx.v] coordinate svstem

A
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2.2 QUALITY CONTROL.

The U and V components of wind were used to generate data limits, which were set at plus and minus six standard
deviations from the mean lor each of the quantitics. These data limits were used 1o screen the wind database, as
described in Paragraph 1.5, The database was considered to be error-free if:

*The skewness of the wind speed was below 4.0 at data levels where the mean wind speed was less than
15 m/s, and

*The skewness of the wind speed was below 2.5 at data levels where the mean wind speed was greater
than [5 m/s,

2.3 DATA LIMITATIONS.

For wind statistics, correlation coefficicnts for like and unlike wind components between altitude levels were not
computed, and wind statistics with respect 10 altitude (profile) cannot be derived Irom RRA statistics:  users are
referred to Smith (1976) tor wind profile modeling techniques. Wind statistics at discrete attitudes are valid: all the
probability distribution functions described in Chapter 2 can be derived (rom the five wind component statistical
parameters in Appendix A and the derived distributions can be considered as wind models at discrete altitudes.

Greek detters are used conventionally for population or theorctically known statistical clements, and sample
estimates are denoted by English letters or with a "hat” (A) over Greek Ietters. In Chapter 2, Greek fetters are used
for variances and lincar correlation coelfficient, while means are denoted by X and ¥ when dealing with the bivariate
normal distribution. [t must always be understood that Appendix A contains sample estimates ol statistical
parameters., and that they are with respect 1o the metcorological zonal (U/) and meridional (1) coordinate systems.

2.4 THE COORDINATE SYSTEM OF STATISTICAL PARAMETERS.

Wind is measured and recorded in terms of magnitude and direction. Wind direction is expressed in degrees
clockwise from true north, and is the direction from which the wind is blowing. Wind magnitude (the modulus of
the vecton s the scatar quantity, and is referred to as wind speed or scalar wind. A statistical description that
accounts for the wind as a vector quantity is appropriate and requires a coordinate system.

For the RRA, the Standard Metcorological Coordinate System has been chosen for wind statistics, all tables of
statistical parameters, and refated discussions. This choice was made because the coordinate system used in
acrospace and related applicd  Hiclds has not alwavs heen consistent.  Figure 2-1 illustrates the Standard
Meteorological Coordinate System.

09/360°
.
NORTH
U (ZONAL)
W V (MERIDIONAL)
+
270° > EAST
90°
b
180°

Figure 2-1. The Standard Meteorological Coordinate System.
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Using Figure 2.1, the polar and Cartesian forms (or the meteorological coordinate system are deflined as follows:
W wind speed, scalar wind, or magnitude of the wind vector (m/s).

6  wind direction, measured as the direction from which the wind is blowing, in degrees clockwisc from true
north.

U zonal wind component, positive west to east (m/s).
V' meridional wind component, positive south to north (m/s).
The components 0 and W define the polar form, and the U-V components define the Cartesian forms:
U =-Wsin®, 0<0<360° (H
V= -WcosO (2)

1t is helpful to note the difference between the mathematical convention (or vector direction and the metcorological
convention for wind direction:

0 met = 270 -8 math ()
when0 €6 < 270°

O met = 360 + (270 - O math)
when 270 <0 < 360°

2.5 COMPUTING STATISTICAL PARAMETERS.

Al these siatistical parameters are with respect to the Standard Metcorological Coordinate System shown in Figure
2-1. The wind statistical parameters in Appendix A (means and standard deviations of zonal and meridional wind
components, plus wind speed and the skewness parameter of wind speed) were computed ustng the sums technigue
described in Paragraph 3.5.1. In addition, a linear (product moment) correlation coefficient between the zonal and
meridional wind components, r (1,v) in Appendix A, was computed. This correlation coefficient is defined as:

n
(U, -T) (Vi -V)

i=1

r{uy)= EMERIT] 4)
2.6 STATISTICAL WIND MODELS.

2.6.1 Wind Component Statistics.
The univariate normal (Gaussian) probability distribution function is used to obtain wind component statistics. In
generalized notations, the probability density function (pdf) is:

2

, 2
Fly=5%— (5)

3944

&

where 1 =X - = is the standardized variate, with & defining the mean and G the standard deviation.

X




The probabifity distribution function (PDF) is:

1

Fiy= | f)di (©)

=00

Because this integral cannot be obtained in closed form, it is widely tabulated for zero mean and unit standard
deviation. Sclected values of F(1) are given in Table 2-2, next page. To emphasize the connotation of probability,
F(1) is shown in Table 2-2 as P {X}. The  values in Table 2-2 are used as multiplier factors 0 the standard
deviation 10 express the probability that a normally distributed variable (X) is less than or equal 10 a given value as:

P{X < mean +t o,} = probability, p (N
For example, when 1=1.6449, the probability that X is less than or equal to the mean plus 1.6449 standard
deviations is 0.95. That value of X which is less than or cqual to the mcan plus 1.6449 standard deviations is called

the "95th percentile value of X." Also given in Table 2-2 are the numerical vatues for expressing the probability that
X lalls in the interval X, and X,; i.e.,

P {X, £ X < X,} = Interpercentile Range (8)

X, =X -1t0,
X, =X +1t0,

where

For ¢ = 1.9602 the probability that X lics in the interval X, and X, is 0.95. The values of X, and X, in this example
comprise the 95th interpercentile range.

For a normally distributed variable, the mode (most frequent value) and the median (50th percentile value) arc the
same as the mcan value. The means and standard deviations of the zonal and meridional wind components from
Appendix A are used in equations 7 and 8 o compute the percentile valucs and intcrpercentile ranges of the zonal
and meridional wind components. When cquation 7 is illustrated on a normal probability graph, a straight linc is
formed.

2.6.2 The Vector Wind Model.

Because wind is a vector quantity having direction and magnitude that can be expressed as two components in an
orthogonal coordinate system, a probability model that describes the joint relationship is the bivariatc normal
probability distribution.  In gencral component notation (shown by equation 9, below), the bivariatc nonnal
probability density function (BNpdf) is:

¥ ! xR 2% (-P) . (-PR|
fiX,Yy=--— €x - +
2no, 0, V1-p? r 2(1-pY) | o 0.0, 0.’

meg Kgw&-cog ¥ geo)

where the five parameters are ¥y, the component means O, G,, the component standard deviations, and P, the
corrclation coclficient between the two component variables X and Y.

For many applications, there is intcrest in determining the probability that a point {X .Y} will fall within a contour of
equal probability density. The exponential terms of equation 9, when set equal to a constant ()t.z), give a lamily of
cllipses depending on the value of the constant. The ellipses have a common center at the point {X .7} lntegration
ol equation 9 over the region bounded by the contours of equal probability density gives:




TABLE 2-2. Vvalues of ¢t for Standardized Normal (Univarlate) Distribution for Percentiles and

interpercentile Ranges.

t P(X) X P{X;= X = X} (%)
~2. 0000 0.00135 £ -3.0000 ¢ }
~2.0758 0.00500 £ ~-2.5758 ¢ \
~2, 3263 0.01000 § -2.3263 ¢
~2.2365 0.01266 £ -2,2365¢0 k
-2.0000 0.02275 £ -2.0000 o }
-1, 9602 0.02500 £t -1,9602 o r
-1.6449 0.05000 £ -1.6449 ¢
-1.2816 0.10000 £ -1.2816 o -—_—Tr
-1.0000 0.15866 ¢ -1.0000 ¢ ———r
-0.8416 0.20000 £ -0.8416 o e —
(] o
~0. G745 0. 25000 £t -0.6745 ¢ = %3 =
1 s TN m~=
-0.2533 0. 40000 £+«0,25830 = L~ _t lzx—-g8ge
SR8 T wdanm
SRR EE R EEEE-EES
0.2533 0.60000 £ +0.2533 ¢ — I
0.6745 0.75000 £E+0.6745 ¢
0.8410 0.80000 £ +0.8614 ¢
1.0000 0.84134 £ +1,0000 ¢
1.2816 0.90000 £ +1.2816 ¢ J
1.6449 0.95000 £ +1.6449 ¢
1. 9602 a,97502 £ +1.9602 o }
2. 0000 0.97725 £ +2.0000 ¢
2.2365 0.98734 £ +2.2365 o
2.3263 0.99000 £ +2.3263 ¢
2.07568 0. 99500 £ +2,5758 ¢
3.0000 0.99865 ¢ +3.0000 ¢
where X;=¢ - to
and Xy =¢ + to
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,_12
P = 1-¢20-0) (0

Solving for A" and replacing P(X) by p gives:
A2 =-2(1-p?) 1n(l-p) (rn
Now define:
re =V2 VS1n(1-p) (12)

For reference and comparison, Xe. is shown in Table 2-3 for selected values of p.

TABLE 2-3. Values of A for Bivariate Normal Distribution Ellipses and Circles.

P(%) (A --ellipse) (A --circle) P(%) (A -ellipse) (A --circle)
0.000 0.0000 0.0000 65.000 1.4490 1.0246
5.000 0.3203 0.2265 68.268 1.5151 10713
10,000 0.4590 0.3246 70.000 1.5518 1.0973
15.000 0.5701 0.4031 75.000 1.6651 1.1774
20.000 0.6680 0.4723 80.000 1.7941 1.2686
25.000 0.7585 0.5363 85.000 1.9479 1.3774
30.000 0.8446 0.5972 86.466 2.0000 1.4142
35.000 0.9282 0.6563 90.000 2.1460 1.5175
39.347 10000 .7071 95.000 24477 1.7308
40.000) 1.0108 0.7147 95.450 24860 1.7579
45.000 1.0935 0.7732 98.000 2.7971 1.9778
S0.000) 1.1774 0.8325 98.168 2.8284 2.00(K)
54.406 1.2533 0.8862 98.889 3.0000 21213
55.000 1.2637 0.8936 99.000 3.0348 2.1460
60.00) 1.3537 0.9572 99 730 3.4393 24320
63.212 14142 1.0000 99.9877 42426 3.0000

The probability ellipse that contains p-percent of the wind vectors expressed in the most general form is the conic
delined by:

AX? +BXY +CY? + DX +EY + F =0 (13)
Wherc: A=0} D =20,0, pY -20,2X =—(BY +24X)

B = -2po,o, E =20,0, pX - 20,’Y =-(BX +2CY)

C =02 F=AX2+CY +BXY -AC (1-p?) A2

and A, = V2 V<tn (1-p)
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For graphic presentations, the range of the variable is important in order to arrange the scale. The largest and
smallest values of X and Y for a given probability cllipsc () are given by:

Xes =X to.A, (14)
Yos =7 iﬁyle 15)
where, as before, A, =2 ¥=1n (1-p)

Although there are several approaches 1o graphing the probability ellipses, the following procedure is best (or
clectronic computer plotting. In cstablishing the computer plotting program, the sample cstimates for X, ¥, 0.0,
and ) arc constants in equation 13. The user makes the choice of probability cllipses desired. Thus, p in equation
12 is programmed as a parameter. The largest and smallest values for X and Y are computed by equations 14 and 15
for the largest probability ellipse sclected. This sets the graphical scale. Valucs of X within the range of X smallest
1o X largest are obtained by incrementing X between these limits.  Using the quadratic equation, a solution of
cquation 13 is made for Y for each valuc of X, and plotted. The centroid (X ,¥) for the family of probability cllipses
is plotted as a point. Labeling and other identification completes the plotting program.

For a given probabhility, equation 13 defines an ellipse that comains p-percent of the points X.Y. Since the entire arca
under the bivariate normal density function (equation 9) is unity, upon integration for a given probability ellipse, that
given ellipse contains p-percent of the towl arca. In the wind siatistics p-percent of the wind vectors fall within the
specificd probability cllipse. From this point of view, a specified probability cllipse gives the joint probability that
p-percent of the U-V components lie within the given cllipse.

When 6,2 = 6,° =02 and p = () in the bivariatc normal distribution, the probability cllipscs of cquation 13 reduce (o
circles whose centers arc at the means X ¥ . The radii of the probability circles are oy A, where:

ov, = V202 (16)

and
A =V-1n(1-p) (17

Valucs for )»( for sclected probabilities. p, are given in Table 2-3.

Becausce this function is simplc, it can easily be graphed manually. However, the gencralized plotting technique for
clectronic computer plotters (as shown by cquation 13) can be also be used.

2.6.3 Derived Distributions for Wind Statistics.
In this scction, the probability distribution functions and sets of cquations are presented to derive certain probability
distribution functions for wind statistics. These derived probability distributions arc:

«Conditional distribution of wind components

«Generalized Rayleigh distribution for wind speed

*Distribution for wind dircction

«Conditional distribution of wind speed given a wind direction (wind rose).

The five required statistical parameters for these derived distributions for wind statistics are given in Appendix A




2.6.3.1 The Conditional Distribution of Wind Components.

Given that two random variables X and Y are bivariate nomrmally distributed. the conditional distribution f(YX) is
read as f(Y) given X, and likewise f(XIY) is read as f(X) given Y. The conditional probability function FV:X) has
the mean E(Y/X) and variance 67, where:

EYIX©Y=Yn+ p(gl) (X*-X) (18)
and
oz(leo) = Uyz (l—pz) (19)
The conditional standard deviation is:
Oyixes) = Oy l_pZ 20)

By interchanging the variables and parameters, the conditional distribution function for F(X/Y*) has the conditional
mean:

EX|Y*)=X +p(%:) (Y+-7) (21)
conditional variance:
Sy =62 (1-p?) (22)
and conditional standard deviation:
ety = 0; V1-p? (23)

The preceding conditional probability distribution functions are anivariate normal disutributions for a (fixed) given
value for onc of the bivariate normal variables. Thus, the (-values given in Table 2 are applicable for conditional
probabilitics statements. For example,

F(YIX*) = E(YIX*) 4 () (24)

For = 1.6349, there is a 95 percent chance that ¥ is less than or equal 0 ¥+ 1.6449 0(y).ey given that X = X*. In
symbols, this statement reads:

PLY <E(YIX*) + 1.6449 0,1y X = X*+} =0.9500 (25)
Interval probability statcments can also be made:
PlY, =E(TIX*) 1Oy S Y S V) =E(YX*) +t0, X =X*}

where X* can take on any fixed value of X, but a convenicnt arrangement is to fet X* =X + 10,

13




The close connection of the regression function of Y on X 1o the conditional mcan for the bivariatc nonmal ‘
distribution is noted:

y=7+p(g~’) X -X) (26)

Similarly, the regression {unction of X on Y is:
< 'y -
X:X+p(al) (Y¥-m 27

These are lincar functions and cxpress the same results as would be obtained from a Icast-squarcs regression line.

2.6.3.2 Generalized Rayleigh Distribution for Wind Speed.
Il wwo random variables, X and Y, are bivariatc normally distributed, then the probability distribution for the
modulus, R. can be derived in terms of the five parameters that define the bivariate normal distribution:

R=VX2+y? (28)

The disuribution of R so derived is called a generalized Rayleigh distribution because there are no restrictions on the
parameters.  For applications to the RRA, the variable R is recognized as wind speed or the modutus of the wind
veetor,

The probability density function for R is expressed as:

TIRY=agRe -a, R? [l“(azRZ) lo(azR) + 2’5,] Ik(aZRZ) I (az2R) cos 2/(\4!] R20 (29) ‘

The functions [ (=), I(*), and I, ,(+) are the modified Bessel function of the first kind for zero order, kth order. and

2kth order. The coelficients are:

x|

an = €X - +
B I EXar]

G, 0

where o, and o,,2 are the rotated variances to produce zero correlation between X and Y. G, and G, arc the positive

and negative roots of the following expression, the computational form of which is obtained from the determinant:

K

02" 0,6, 0

6,0,6 o, - K .

. 5
where K is 07,

bivariate normal probability cllipsc:

. and G and G, are analogous 1o the standard deviation of the major and minor axes of the

1
| > 2 > 1>
oln ) - 5 {0,3 +o,+ [(0,’ +0,') 40,702 (1 p‘)]‘}




(0 +0,’)

& = a(1-pd) 0,20,7

1
[(062 -0, +4p?a.20,]?

4 = a(i-p) o,00,2
b
ol (a) + ()
and tan y = v o
"X o

Since this density function cannot be integrated in closed form from zero to R, numerical integration is uscd to
obtain practical results (rom the probability distribution funclion; i.e.,

Re
FRy= ] J(R)dR (30)
0

A number of special cases can be obtained from the gencral Rayleigh distribution (equation 29), the most simple of
which is to lct 6, =6, =g and X =¥ =0 with indepcndent variables X and Y. This gives:

f(R)_-vz ez"’ @1

which is rccognized as the classical Rayleigh probability density function. The density function (equation 31} can
be integrated in closed form over any range of the variable R. Hence, the probability distribution function, F(R), lor
cquation 31 is:

_p2
F(R)y=1-exp {igf} (32)

2.6.3.3 The Derlved Distribution of Wind Direction.

Considering the wind as a vector quantity and bivariatc normally distributed, the wind dircction can be derived.
This is donc by first writing the bivariate normal probability density function in polar coordinates whose variables
are:

i
g(r.®) =rdye?(ar? - 2br +c?) (33)

NOTE: The expression in cquation 33 (Smith, 1976) is given with respect to thc mathcmatical convention for a
vector dircetion, where:

2 1 5inf@ 2pcosOsin®  cos? O

- P

ac = —————— _ +
(1-p)| ol O, O o,

[x sin® pXcosB+ysin® ycos 9]
(l 2) g, 0, o,




and r=Vx? + y2 is the modulus of the vector or speed and 8 is the direction of the vector. Alter integraling g(r, 6)
over r = ()10 oo, the prohability density function is 0 is:

d, -;c’ N b
? = iD — _
£(8) e ¢ 1+V2rm (a) d>(a 34

where a2, b, ¢2, and d, arc as previously defined in equation 33, and
2

ll di
b O
(b((_l) (D(X)_Tz_ﬂ.'[‘,(

is taken from tables of normal distribution functions or madc available through a computer subroutine.

Il desired, cquation 34 can be integrated numerically over a chosen range of 0 to obtain the probability that the
veetor direction will lie within the chosen range; e, ’
]
F(0) = g8 db (35)
8,

One application may be 1o obtain the probability that the wind will flow from a given quadrant or sector as, for
example, onshore.

2.6.3.4 Derived Conditional Distribution of Wind Speed Given Wind Direction.
Continuing with the constderations expressed in Paragraph 2.6.3.3, the conditional probability density function (pdl)
for wind speed (r), given a specified value for the wind direction 8, can be expressed as:

|
— = (@ r* = hr)
are °©

ftr 18) = ——— T (36)
o ) g ,
LeN2n (=} e b4 -
a a
o . b . .. . .
where coclficients, g and £ and the function < o f arcas previously defined in cquations 33 and 34,

From cquation 36, the mode (most {requent value) of the conditional wind speed given a specificd value of the wind
direction is the positive solution of the quadratic cquation,

ari-br -1 -0 (37 ‘
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which is:
(1e) =] b n\’
’le) =754 3 + 4+ P (38)

The locus of the conditional modal values of wind speed when plotted in polar form versus the given wind directions
forms an cllipse.

The noncentral moment for equation 36 is expressed as:
. e N
w,=fr f(r16)dr (39)
0

Now the first noncentral moment is identical to the first central moment or expected value, E (r | 8). The integration
of equation 39 for the first moment is sufficiently simplc to yicld practical computations, and can be expressed as:

(B [-@ 7O {2}
of1e(8) @t (o g2y

Equation 4(), then, gives the conditional mean value of the wind speed given a specified value for the wind dircction.

E(r]0) = (40)

The intcgration of equation 36 for the limits r=0 to r=r* gives the probability that the conditional wind speed
is < r* given a value for the wind direction, 6. This conditional probability distribution (PDF) can be wrilten as:

3w (2) t-o0g

RGOS

Pri{r<r 16=0,}=1-

. _ . b
where: re = [a r' - (5)]

By definition, cquation 41 is an expression for a "wind rosc.” Empirical wind rose statistics are often tabubated or
graphicaily illustrated giving the frequency that the wind speed is not exceeded for those wind specd values which
lic within assigned class intervals of wind dircction.  After evaluation of equation 41 for various values of wind
speed, r*, and the given wind directions, 8, interpolations can be performed to obtain various percentile values of the
conditional wind specd.

41)

For the special case when b in equation 33 equals zero (i.c., for X =¥ = 0), the conditional modal vatues ol wind
speeds (cquation 38), the conditional mean values of wind speeds (cquation 40), and the fixed conditional pereentile
valucs of wind speeds (interpolated [rom cvaluations of equation 41), when ploted in polar form versus the given
wind dircctions, produce a family of cllipses.

For the special case when X = ¥ = 0, equation 36 reduces to the following simple case:

& re?
Pr{r<r10=0,}=1-¢ 2 (42)
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Equation 42 has special significance when related 1o the bivariate normal probability distribution. 1l r* and 8 arc ‘
measurcd from the centroid of the probability ellipse, then the probability thatr < r* is the same as the given
probability cllipse. Further, solving cquation 42 for r*, gives:

e S AT (43)

I a probability ellipse P is chosen, equation 42 gives the distance of r along any 6 from the centroid of the eHipse to
the intercept of the specified probability elfipse. I theee is an interest i conditional probability of winds for a given
O relative to the monthly means, equation 43 is appiicable. I it is desired to find the magnitude of the wind along
any 8 refative 1o the monthiy mean (o the intercept of a given probability ellipse, cquation 43 is also applicable.

2.7 Statistical Parameters for Non-Standard Orthogonal Axes.

The live wind statistical parameters in Appendix A are given with respect to the Standard Meteorological
Coordinate System (Figure 2-1). That is, these parameters are for zonal and meridional components. Many range
users, however, need wind statistics with respect to orthogonal axes other than west to cast and south o north. For
example, a user may necd wind statistics with respect to a flight azimuth of & degrees from true north measured
clockwise. The following sets of cquations are used o compute the five parameters for the new coordinate axes
rotated O degrees clockwise from true north.

Rotation of the means through O degrees:

X=X cos 00—y +F sin (90~ o) (44)
Yo=Y cos (90 -0y =X sin (90 - o) (45)

Rotation ol the variances through 1 degrees: ‘
6. = 0F cost (90 - o) + 6,7 (90 - @) 40

2 2pa, 0, ens (90 - ) sin (K- o)

a, =0, cos” (90 -0 2o sint (90— )
7
S2po o0 cos 190 -y sin (90~ 1)

Rotation of the lincar corrclation cocthcient through o degrees:

cov (X))

: (48)
o, o,

(N

where cov (XU Y ), ts the rotded covanance:

o U0 ) Lot D oy st (90—

Ceos (00 o) un (0 my (0, - 6,7)

amd
e (XY pe

By using these rotational cquations, the bivariaee normal distribution with respect 1o any desired rotated coordinates
can be obtained trom sample estimates that have been computed with respect o a specitic axis. The marginal
disuibwions after roation are also normally cuniranate) distnibuted. By using the rotational cquations,
computattonal eftorts are greatly seduced for apphications requinng statistics with respect to several coondinate axes.

Appendic B gives examples of range - specrhic RRA wind statsine ‘

I~




Chapter 3

THERMODYNAMICS STATISTICS AND MODELS

3.1 GENERAL DISCUSSION.

One of the objectives in developing the RRA was to describe the thermodynamic characteristics of the atmosphere
as completely as possible with as [ew data tabulations as possible. With that in mind, a set of statistical variablcs
was sclected o collectively describe climatological pressure, temperature, density, dew point, virtual lemperature,
and water vapor pressure. Used together, these variables permit calculation of a large number of derived guantities.
Some of these quantities (such as the speed of sound) are discussed in Paragraph 3.7.

The probability distribution of each of the six thermodynamic RRA variables is described by its mean valuc. its
standard deviation, and its skewness. Scveral of the thermodynamic elements (lcmperature, pressure, dew point, and
density) have probability distributions that arc close to a univariate normal distribution; the others do not. The
skewness variable gives an estimate of the asymmetrical departures of a probability distribution.

Hydrostatically modeled mean values of pressure and density were calculated (sce Appendix D) so that users can
determine the departure of the acwal climatology of these values from hydrostatic conditions.  This was donc by
hydrostatically integrating the pressure from the lowest RRA data level 1o the RRA’s termination altitude. Table 3-1
fists and explains the primary physical constants used in RRA production. Table 3-2 lists and explains the symbols
used in this chapter.

TABLE 3-1. Primary Physical Constants Used in RRA Production.

P, Standard atmospheric pressure at sea level (1.013250 X 10 Ncwlon/m2 ) (2116.22 Ib/Ill)

Po  Standard atmospheric density at sea level (1.2250 kg/m3 ) (0.076474 1o/
T Standard temperature at sea level (288.15 K) (IS.()”C) (59.()"F)

2, Standard gravity at sca level at latitude 45" 33" (9.80665 m/sz)

s Sutherland’s constant used in calculation of dynamic viscosity (110.4 K)

T, lce-point iemperature at P (273.15 K)
1 ]

B Constant for calculating dynamic viscosity (1.458 x 106 kg/see m K2) (7.3025 x 107 Ib/sec 1 RY)
Y  Ratio of specific heat of air at constant pressure 10 specific heat of air at constant volume (1.4)
C, Mecan effective collision diameter of air molecules (3.65 x 10" my (11975 x 10°

Avogadro’s constant (6.022169 x I()z(’/kg mol) (2.73179 x 10%/tb mol)

N
R° Gas constant (8.31432 Joule/mol K)
e

Gas constant for dry air (2.8704 x 10 Joule/kg K)
A Molecular weight of dry air  (28.966 gm/mol)
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TABLE 3-2. Symbols Used in Chapter 3.

¢ Speed of sound
a Coltlision drameter
l Vapor pressure

Vs Ciravity at ntaede o

1 Geor otentiad heieht

/1. Geopotenial heghi o aomondatery radiosonde data level
", Geopotentiad Bezhe at a sienthwant radiosonde data level
K, Coctlicient el thermal condactivity

I8 AMean free path dength

AH Mean melecatar wereht ol air at sca feve!

g Mentih ihiad moment of guanuy @

’ Retractive modulus

\ Refractine mdes

Ny Avosadio’s constanm

Ny Number of vitucs ol quetaty O

P Prossure

A Prossure at a mandatory radiosoiiae e

r. Prossure atawmticant radiosonde data level

I Hydrostancally integrated mean monthty or annual pressure
% Any wabulated RERA quantty

R’ Universal vas constant

IN Specilic gas constant of dry arr

et Paraneters used moconverting @ o fand vice versa

5 Sutherland s constant, used in the caleulation of dynamic viscosity
) Femperatin
! Do o
I, Yool wemperatare
[on Nl eteperatinre at a mandatory radiosonde data fevel
] Virtuab lomperature ata stgniticant radiosonde data level
! Moean an porticlo spoed
Mean collbaon trequencey
w Paramerer used i the hvdrostatie iterpolation of pressure and density
/ Croometie altitade
3 Wanetoneth
T Nkes s s deintics 2
I Constant tised i the cquation for viscosity
; Rane ol specibic heat at constant pressure to specitic heat at constant volume
N Ratcimate cocthcent ol viscosity
1 Dryvnannie cocihicient al viscosity
PN Prenaty
] Meanmombils o anoual density derived from Ph
i Standard daton of the guaniity
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3.2 QUALITY CONTROL.

Data limits  derived  from the  following  thermodvnamic  elements  were used o screen the RRA
database: temperature, pressure, dewpoint (for the 0-30 km portion only), and density. These limits were set o plus
and minus siv standard deviations from the mean values of cach of these gquantities: they were then used to screen
the thermodynamic portion of the database TAW procedures described in Paragraph 1.5, The database was
considered o be error-fre2 i

{1 Skewness values of pressare and temperature were between -2.5 and 2.5 at all data levels.

12y Skewness values of density were between -3.5 and 3.5 at data levels between 0 and 30 km,

13y Skewness values of density were between -3.0 and 3.0 at data levels between 30 and 70 kin.

4y Skewness values of dewpoint were between -2.5 and 2.5 at all data fevels with more than 10 data vatues,

3.3 DATA LIMITATIONS.

Correlation coctlicients between thermodynamic quantitics and moisture-related quantitics were not calcalated at
discrete altitudes: neither were any ol the correlations between altitudes. As a result, valid statistical dispersion
maodels that require relationship between two or more of these guantities at the same altitude or between altitudes
cannot be derived.  Approximations for the correlation coelficients between pressure. virtual temperature, and
density at discerete altitudes, however, may be obtained from the coefficients of variation as developed by Bucli
(1970, The coefficient of variation is the standard deviation divided by the mecan. The mean valucs and the
standard deviations are taken from Appendix B, A model {or the profile of monthly and annual mean pressure,
virtual temperature, and density is given in Appendix D, and is in excellent agreement with the respective statistical
mean values. This agreement results because the physical relationships expressed by the hydrostatic equation and
the cquation of state were used to derive Appeadix D, When only the monthly or annual mean values for pressure,
virtual temperature, and densty are required, users should consult Appendix D.

3.4 ESTABLISHING DATA SAMPLES AT REQUIRED LEVELS.

This section describes the computational procedures nsed to establish data samples of the thermodynamic RRA
variahles at the vanous data levels. References are cited only when the equation given is one of many avaitable in
the literature or when s stated in an unusual torm.

3.4.1 Converting Geopotential Height to Geometric Altitude.

Although rocketsonde observations above 30 km are recorded in terms of geometric altitude, the data can be
interpolated directly to the altitude intervals shown in the tables. But radiosonde observations used 1o obtain tabular
vatues below 30 km are recorded v lerms ol geopotential heightt the conversion to geometric altitude tho o s
accomplished by caleulating a able of geopotential heights that correspond exactty to the geometric altitudes at
which the atmospherie clements are 1abufated. Radiosonde observations are then interpolated to these geopotential
heights. The relationship used 1o calculate geometric altitude trom geopotential height is:

(=0 (r «z) (30y
where r o rt /9 ROGGS
and e 20 I (d s /A0
a5 sea foveb at Latitude & corresponding to the proper location (List, {968)
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A Lo . \ 3 . . L
5%5’ 1s the rate of change of gravity at sea level. This quantity is given by:

Jdy
5—2»3 == 3085462 x 1070 x 2.27 x 107° cos 2 x 2 x 10712 cos (40) (51

5

A dg
Units used for gravity are m/s%, while the units for ° are 572,
u gravity / cu o T a

The resulting table of values of H obtained by using even increments ol 2 in equation 49 is shown in Appendix D.
Although the values of H above 30 km were not used in the interpolation of original data, they are included for the
convenience of the user.

3.4.2 Calculations from Rawinsonde Observations.

It was necessary to interpolate information from original rawinsonde records to arrive at the geometric altitudes
specilicd as RRA data levels. Elements for which this interpolation was required were temperature, dewpoint, and
pressure. The other elements were calculated from the interpolated values at cach RRA data level. These "derived”
clements were water vapor pressure, density, and virtual temperature.,

3.4.2.1 Geopotential Height at Significant Levels.

Two slightly different interpolation procedures were used to obtain  data from radiosonde and rocketsonde
observations at the levels shown in the tables. The procedure used to interpolate radiosonde observations begins
with calculations of virtual temperature at cach data level in the sounding. Virtual tcmperature was computed by:

T, =T /(1.- 0379 (e/p)) (52)

where T, and T arc in kelvin (Ky and ¢ and p are in millibars.
Radiosonde soundings provide pressure, temperature, and dew point data recorded at "mandatory” and “signilicant”
fevels. Geopotennial height data, however, is only provided for mandatory levels. Heighis at the significant levels,
therelore, were calculated hydrostatically, using pressure and temperature data trom those fevels. This procedure
altow s the use of most significant fevel data in the calculation of the RRA wbles. The cquation used for this process
was:

(T +T.2)

C o e in (P P (53)

Hy = Hm o+ 292712617 *

where sabsceripts s and m denote quantities at significant and mandatory levels. This equation was not used if the
ditference hetween two adjacent mandatory tevels was greater than 200 mb, and all soundings with such data gaps
were rejected.

3.4.2.2 Temperature.
Radiosonde iemperatures were interpolated logarithmically with respect 1o pressure using the cquation:

. . g lnp ~In
Pty + (T - 1) p,",{‘,"f’[% (34

where subscripts 17 and Lindicate values at the nearest data levels in the actual sounding above and below the
interpolated level.
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3.4.2.3 Pressure.
The pressure values in cach radiosonde sounding were interpolated (o the RRA data Icvels using the cquation:

) 1y - 1y
p=rl e \ wzme @3 (7, m) (35)

where subscript L indicates virtual temperature, geopotential, and pressure values at the data level below and closest
to the level at which data were required.

3.4.2.4 Dew Point Temperature.
Dew point values were interpolated logarithmically with respect to pressure using the equation:

g - - Inp —In
ld:ldl,' +(IdL - ld[j) (Tn—/,nv——rﬁl’[LTL (5())

Subscripts U and L indicate data at the nearest upper and lower data levels in a sounding.

3.4.2.5 Vapor Pressure.
Water vapor pressure is calculated from interpolated dew point values at RRA data levels using Telen's
approximation:

e =611 mh x 107.5(7};—27}15)/(7'4—3536) (57)

3.4.2.6 Densilty.
Density values derived from radiosonde observations were calculated at RRA data levels using the equation:

p = 348.36787 p/T, (5R)

3.4.2.7 Virtual Temperature.
Virtual temperature values arc calculated at RRA data levels for each sounding using the cquation:

T, =TI ~0.379e/p) (59
where Tvand T are in K; pressure (p) and vapor pressure (¢€) arc in millibars.

3.4.3 Calculations from Rocketsonde Observations.

Rocketsonde observations used to calculate RRA table values above 30 km were recorded in terms of geometric
altitude. For this reason, slightty different calculations were required to convert recorded data values to RRA data
fevels. Pressure, temperature, and density were interpolated to RRA data levels.  Since atmospheric moisture at
altitudes above 30 km is considered o be negligible, moisture-relaied clements (virtual temperature, water vapor
pressure. and dewpoint) were not calculated. There was no interpolation across gaps in pressurc or iemperature data
in a sounding larger than 7,000 meters. Data values at RRA levels within such a gap were sot to "missing.”

3.4.3.1 Temperature.
Rocketsonde temperatures were interpolated lincarly with respect o geometric altitude using the equation:

-7,
=1y +(1, 1) /./l 7.LL (o)

where subseript U indicates values at the ncarest data level in the actual sounding above the interpolated level: L
indicates values below the interpolated level.
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3.4.3.2 Pressure,
Rocketsonde pressure values were interpolated 1o RRA data levels using the equation:

s M (L -7
P=pr ('xp( ——(T—L) W’) (61)
where Tv:uﬂ}ﬂiandW: ”7 =
(r*+z+;:z_t

3.4.3.3 Density.
Rocketsonde density vatues were interpolated using the equation:

—py exp( A’oM (7 1), ) (62)

where W is specified in 3.4.3.2.

3.5 COMPUTING STATISTICS FOR APPENDICES B AND C.

Computing monthly and annual means, standard deviations, and skewness values {rom data at the RRA data levels
was in two steps.  First, certain statistical sums were calculated and stored as the soundings in the database were
processed. These sums were then used to calculate the monthly and annual statistics given in the RRA tables.

3.5.1 Stored Statistical Sums.
The sums that were calculated were:

¥0,30?%, and XQ°
where @ is any one of the quantitics given in the thermodynamic part of the RRA.
3.5.2 Calculating Monthly Statistics.

3.5.2.1 Monthly Means.
Mecan monthly values of the thermodynamic RRA quantitics were calculated using the equation:

0 =30/Ng
where Ny is the number of observed values of the quantity Q for a given month.

3.5.2.2 Monthly Standard Deviations.
Monthly standard deviations of the thermodynamic RRA guantities were calculated using the equation:

_A\[ Mez0Y) - (50)°
op = \/ No N1 (63)
3.5.2.3 Monthly Skewness Values.

Monthly skewness values of wind speed and thermodynamic RRA quantitics are calculated using the equation:

M3

4
Go = &%
So
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where M3, is the third moment of the quantity Q, Oy is its standard deviation, and

_| 20° _ 33030 230, Ng?
M’Q'[Tvr—m;‘*m;] =T (%7 =D) el

3.5.3 Calculating Annual Statistics.
Equations 63 and 64, used 10 calculate monthly values of standard deviations and skewness valucs, were also used
for the annual statistics.

3.5.3.1 Annual Means.
Annual mean values of the thermodynamic RRA quantities were calculated using the cquation:

Qi = Qa /Ny
where 04 is the total of all observed values of Q and N is the total number of observations of Q.

3.5.3.2 Annual Standard Deviations and Skewness Values.

Annual standard deviations of the thermodynamic RRA quantities were calculated using cquation 63;  annual
skewness values were calculated with cquation 64. NOTE: Both these quantities were previously calculated with
monthly statistics due to limitations in computer precision.

3.6 MONTHLY AND ANNUAL MEAN MODEL ATMOSPHERES.

A set of modeled monthly mean and annual mean hydrostatic values of pressure and density was calculated from the
lowest RRA data level (O km, mean sea level) o 30 km, and from 30 km 1o 70 km. The integration from 0 1o 30 km
was computed independently of the integration from 30 to 70 km because of the difference in data sources. These
hydrostatically modeled mean valucs (given in Appendix D) arc useful as a check on the validity of pressure and
density values given in Appendix B, In most cases, the values in Appendices B and D for any given data level are
within | percent of each other. The hydrostatic pressure values in Appendix D werce calculated using the equation:

0.034162 (1, ~ Hy)
Pv=Po €xp (' 05(T., +T.,) 03

where, /1, - Hyis in meters and a "0" subscript refers 10 values at the RRA data level immediately below the level
being checked. p,, at the lowest data level is set cqual 1o the RRA mean pressure; p,, calculated for the next highest
data level, is taken as p, for the level above that. This process is repeated for all the other RRA data levels. The

hydrostatic density corresponding 1o hydrostatic pressures is calculated from these pressures and from RRA vinual
temperature values using the formula:

pn = 348.36786 Py /T, (66)

where pyy and P, are the hydrostatic density and pressurc shown in Appendix D.

3.7 THERMODYNAMIC QUANTITIES DERIVABLE FROM TABLES.

Sceveral other quantities can be calculated from the statistics given in Appendices B and D, The equations in this
section can be used W calculate approximate mean values of these guantitics al cach RRA data level. T is not
possible, however, o infer or derive any information concerning standard deviation or skewness values ol these
guantitics from the data in Appendices B and C.




3.7.1 Mean Alr Particle Speed.

The mean air particle speed, V", is the arithietic average of the speeds of all air particles in the volume element
being considered. For a valid average (0 occur, there must be a sulficient number of particles involved 1o represent
mean conditions. The equation for "V for dry air is:

1/8 R'T
V: E.T (67)

A computational form for dry air, using tabulated values, is:
V=v7.3094x 102 x T (mfs) (68)

where T is the temperature in kelvin (K) from Appendix B. Equation 67, when corrected for moist air, becomes:
*R'T, (6Y)

The computational form for moist air is:
V=VN73094102 « T, (m/s) m
where 7 is the virtual temperature in kelvin (K) from Appendix C.

3.7.2 Mean Free Path.

The mean [ree path, "L is the mean value of the distance traveled by cach ncutral air particle, in a sclected air
parcel, between successive collisions with other particles in that parcel. A meaningful average requires that the
selected parcel be large enough to contain a substantial number of particles. The equation lor L is given by:

L= (‘5) R (71)
)N, C, 2P
J
where € is the effective collision diameter of the mean air molecules. The 1976 standard atmosphere value of
3.65x 10" is valid for the range of altitudes in the RRA. A computational form for moist air, using tabulated
values, is:
L=2335% 1077 & (meters) (12)

where 7' is the temperature in K and P is the pressure in mb, both from Appendix B, A form of cquation 71 to
correct L for moist air is:

— (73)

The computational form for moist air is:

L =23325% 177 % (melers) (74)

where 1 is the virtual temperatre in K from Appendix C and P is the pressure in mb from Appendix B.
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3.7.3 Mean Coliision Frequency.
The mecan collision frequency (V) is considered 1o be the average speed of air particles contained in an air parcel

divided by the mean frec path of the particles inside that parcel. Computationally, this is equivalent to:
’ v -1
V, = T (sec ) (75)

To determine V_ for dry air, use V and L from equations 68 and 72. To determine V_for moist air, use Vand L from
cquations 70 and 74,

3.7.4 Speed of Sound.
The expression for the speed of sound (C ) in dry air, in (m/s) is:

w1 (76)

B

C, =

To compute C_for dry air from wbulated values, use:

C. = V40185 x 102 x T (m/s) (a7
where T is the temperature K from Appendix B. One form for the speed of sound in moist air is:
Cs ~VYR'T, (78)
where T is the virtual temperaturc from Appenadix C. A computational form for moist air is:
Cs = \/m (m/s) (79)
3.7.5 Coefficient of Dynamic Viscosity.

The cocflicient of dynamic viscosity, U, is defined as a coefficient of internal friction developed where gas regions
move adjacent to each other at different velocities.  The following expression is taken from the U.S. Standard

Aunosphere (1976):
. ]2
n=Brlo (R0)

The computational fc:m s:

(R1)

{1458 x 107%) 12 kg
S N [ (.c -m)

where 7 is temperature K from Appendix B.
3.7.6 Kinematic Coefficient of Viscosity.
The kinematic coclficient of viscosity, designated as 1), is defined as the ratio of the dynamic cocfficient ol viscosity

ol a gas o its density, or;

n = up (82)




The computational form is:
N=10x10° wp . (m?/s) (R3)
where L s the dynamic cocflicient of viscosily from equation (81) and P is the density in g m™ from Appendix B.

3.7.7 Coeftticlent of Thermal Conductivity.
The empirical expression used for the coefficient of thermal conductivity (K)) is given in the 1976 Standard

Atmosphcre as:

265019 x 1077 « T2
T T +245.4 x 101N

K, , (walts/m-deg K) (84)

where 17is temperature K.
3.7.8 Refractive Modulus and Refractive Index.

The relractive modutus or refractivity (Selby and McClatchey, 1975; Smith and Weintraub, 1953), is expressed as N,
where:

N=n-1)«100 (85)
and n is the refractive index.

For microwave frequencies below approximately 30 GHz (equivalent to wavelengths above 1 cm), N, the refractive
maodulus, is given by the empirical equation:

N =776 7 + 373X 10° 5 (dimensionless) (86)
where £ and P are in millibars and T and T, are in K,
The following expression is valid lor visiblc and infrared wavelengths shorter than approximately 30 ftm (0.03 mm):

N=776 ; +0.584 7’—,\7 (diminsionless) (RT)

where A is the wavelength in microns and T is in degrees K.

The expression for N for the wavelength from 0.03 mm to 1 ¢m is an extremely complex function of wavclcngth.
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Chapter 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS.

This document satisfies the technical objectives established for the Range Refercnce Atmosphere committee by the
Range Commanders Council Meteorology Group. Upper-air statistics and models for wind and thermodynamic
quantitics for the range specificd have been derived through consistent and uniform mcthods that will be used in
similar publications for other ranges. This new Range Relercnce Aunosphere (RRA) series is an improvement over
previously published RRAs for several reasons: for one, the upper-air database is much larger and much beuter. For
another, more advanced statistical lechnigues have been developed.

In this series, a statistical measure of central tendency (mean values) and a measure of dispersion (standard deviation
with respect to mean values) for monthly and annual refcrence periods have been consistently tabulated for all
variables, using databases that have been carefully edited and quality controlled. Further, a statistical mecasure for
symmetry (skewness coefficicnt which involves the third statistical moment) has been tabulated for all variables
except the zonal and meridional wind components. But even with these improvements, RRA users must recognize
certain limitations of the statistical tabulations; these limitations are described here to discourage misusc of the
RRA.

*The wind profile structurc with respect to altitude cannot be modeled from RRA statistics because
inter-level and cross-level correlations were nol computed.

+The profilc structure with respect to altitude for any of the thermodynamic variables or any guantitics
derivable from thermodynamic variables cannot be modeled because the prerequisite correfations were not
computed. However, the profile of monthly and annual means lor pressurc, virtual temperaturc, and
density given in Appendix D are in agreemcnt with the hydrostatic equation and the cquation of state.

Although more extensive statistical tabulations are currently impractical, many adaptations of current statistics for
specific engineering and scientific applications arc envisioned as insight is gained through RRA use.

4.2. RECOMMENDATIONS.

The agency rcsponsible for RRA preparation recommends that the wind and thermodynamic statistical tabulations
and models in this RRA be used with confidence as a standard reference (o the atmosphcere over the location for
which it has been prepared. It is further recommended that RRA users consult their Staff Mcteorologist for
assistance before attempting 10 apply RRA data to specific engincering projects.
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PREVIOUSLY PUBLISHED RANGE REFERENCE ATMOSPHERES

Capt Kennedy, Florida (Part I), Document 104-63, 16 April 1963
(AD 451 780).*

White Sands Missile Range, New Mexico (Part 1), Document 104-63, 28 June 1964
(AD 451 781).*

Fort Churchill, Manitoba (Part 1), Document 372-63, 7 August 1964
(AD 634 727).

Eniwetok, Marshall Islands (Part I), Document 104-63, 1 September 1964
(AD 479 264).*

Fort Greely Missile Range, Alaska (Part I), Document 373-63, 6 October 1964
(AD 634 726).

Eglin Gulf Test Range, Florida (Part 1), Document 104-63, 25 January 1965
(AD 472 601).*

Point Arguello, California (Part 1), Document 104-63, April 1965
(AD 472 602).*

Wallops Island Test Range (Part 1), Document 104-63, 10 July 1965
(AD 474 071).*

Ascension Island, South Atlantic (Part I), Document 104-63, July 1966
(AD 645 591).*

Johnston Island Test Site (Part 1), Document 104-63, January 1970
(AD 782 652).*

Libue, Kauai, Hawati (Part ), Document 104-63, January 1970
(AD 782 653).*

Cape Kennedy, Florida (Part I1), Document 104-63, September 19
(AD 753 581).*

White Sands Missile Range (Part 1), Document 104-63, September 1971
(AD 782 654).*

Wallops Island Test Range (Part 1), Document 104-63, September 1971.*

Fort Greely Missile Range (Part II), Document 104-63, September 1971.*
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Edwards AFB (Part 1), Document 104-63, September 1972
(AD 782 651).*

Kwajalein Missile Range, Marshall Islands (Part I), Document 105-63, October 1974 *

Kwajalein Missile Range, Document 360-82, 1982
(AD-A123424).

Cape Canaveral, Florida, Document 361-83, February 1983
(AD-A125553).

Vandenberg AFB, California, Document 362-83, 1983
(AD-A128125).

Dugway, Utah, Document 363-83, June 1983
(AD-A131110).

Wallops Island Test Range, Virginia, Document 364-83, July 1983
(AD-A131327).

White Sands Missile Range, New Mexico, Document 365-83, August 1983
(AD-A132471).

Edwards AFB, California, Document 366-83, August 1983
(AD-A132487).

Eglin AFB, Florida, Document 367-83, 1983
(AD-A1335006).

Taquac, Guam Island, Document 368-83, 1983
(AD-A13361R%).

Point Mugu, California. Document 369-83, 1983
(AD-A1341806).

Barking Sands, Hawaii, Document 370-83, 1983
(AD-A137406).

Ascension Island, Document 371-84, 1984
(AD-A138470).

Wake Island, USAFETAC/PR-90/007. November 1990,
(AD-Pending)




Nellis, USAFETAC/PR-90/008, December 1990
(AD-Pending)

* No longer available from RCC.




ACRONYMS, INITIALISMS, AND ABBREVIATIONS (ACRINABS)

AD

AFFTC
AFSC
AFSCF
AFTFWC
AWS

BMD
CsSTC

DOD

DOE
DOE/NTS
DPG

EPG

ESMC

ETR

GL

KMR
NASA
NASA/MSEC
NASA/WFC
NATC
NOAA
NwWC
PMTC
SAMTO
TFWC
TSCF
USA/DTA
USAECOM
USAFETAC
USAKA
UTTR
WSMC
WSMR
WTR

YPG
O585TG

Armament Division

Air Force Flight Test Center

Air Force Systems Command

Air Force Satellite Control Facility

Air Force Tactical Fighter Weapons Center
Air Weather Service

Ballistic Missile Division

Consolidated Space Test Center
Department of Defense

Department of Energy

DOE/Nevada Test Site

Dugway Proving Ground

Electronic Proving Ground

Eastern Space and Missile Center

Eastern Test Range

Geophysics Laboratory

Kwajaiein Missile Range

National Aeronautics and Space Administration
NASA/Marshall Space i'light Center
NASA/Wallops Flight Center

Naval Air Test Center

National Oceanic and Atmospheric Administration
Naval Weapons Center

Pacific Missile Test Center

Space and Missile Test Organization
Tactical Fighter Weapons Center

Targeting Systems Characterization Facility
U.S. Army/Desert Test Center

LLS. Army Electronics Command

USAF Environmental Technical Applications Center
U.S. Army Kwajalein Atoll

Utah Test and Training Range

Western Space and Missile Center

White Sands Missile Range

Western Test Range

Yuma Proving Ground

6585th Test Group
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‘ . APPENDIX A

Nellis Wind Statistics Tables

Table A-1 through Table A-13 give statistical wind data (monthly and annual) for Nellis.
Data was produced as described in Chapter 2.
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TABLE A-1. January Statistical Wind Data, Neliis. .

y MEANU SD.U MEANV SD.V MEANW SD. W
KM M/S MIS  R(UV) WS M/S M/S M/S SKEW W #0BS
¢.000 Q.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 N
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 -1.47 2.92 0.3876 ~-0.26 3.55 4.13 2.51 0.75 495,
2.000 -0.71 4.69 0.6013 0.09 6.66 6.89 4.14 0.86 550.
3.000 2.13 6.93 0.4681 -1.28 8.05 9.50 5.34 0.66 47 .
4.000 4.96 8.44 0.3158 -2.68 8.92 11.87 6.43 0.67 540.
5.000 7.51 9.62 0.2097 —-3.48 10.48 14.50 7.76 0.58 524.
6.000 3.45 11.49 0.2127 -3.93 11.94 17.19 9.13 0.64 510.
7.000 11.31 13.10 0.2457 ~-4.07 13.66 19.78 10.52 0.68 475.
8.000 12.85 14.71 0.2670 -4.74 15.37 22.41 11.72 0.68 469.
9.000 14.2 16.2 0.2833 -5.22 16.56 24.84 12.29 0.53 462 .
10.000 15.58 16.95 0.2726 -6.04 17.01 26.37 12.62 0.52 453.
11.000 17.38 16.85 0.2679 ~-6.48 16.34 27.13 12.56 0.70 441,
12.000 18.48 14.94 0.2884 -6.20 14.32 25.95 11.60 0.52 436.
13.000 19.3¢6 12.91 0.2539 ~5.42 i2.28 24.61 10.75 0.81 435.
14.000 18.61 10.83 0.1821 -4.94 10.81 22.66 9.55 0.72 434 .
15.000 16.79 9.41 0.1715 -4.41 9.12 20.05 8.42 0.74 432.
16.000 14.60 8.24 0.1433 -3.88 7.47 17.18 7.52 0.91 432,
17.000 2.21 7.21 0.0780 -3.36 6.30 14.35 6.80 1.26 409.
18.000 9.40 6.84 0.0053 -3.24 5.24 11.45 6.47 1.58 409.
19.000 6.76 6.99 0.0007 -3.42 4.53 9.42 6.17 1.81 404.
20.000 4.08 7.33 0.0099 -3.53 4.08 8.00 5.14 1.21 400.
21.000 2.03 8.08 -0.0153 -3.67 4.01 8.28 4.71 0.9¢6 398.
22.000 0.54 9.24 -0.0179 -3.86 4.00 9.27 4.87 1.17 387. .
23.000 -0.67 9.98 0.0786 -3.97 4.18 10.35 5.09 0.72 380.
24.000 ~1.17 11.30 0.2189 -4.19 4.55 11.57 5.76 0.51 3713.
25.000 ~-1.16 12.77 0.3194 -4.2 5.23 12.85 6.64 0.64 356.
26.000 ~-0.79 14.66 0.4375 ~-4.26 6.14 14.44 7.90 0.67 341.
27.000 -0.15 16.34 0.4853 -4,33 7.19 16.01 8.97 0.60 308.
28.000 0.22 18.37 0.5005 -4.42 8.08 17.75% 10.31 0.77 273.
29.000 ~0.26 19.89 0.5542 ~-4.32 8.79 18.69 11.86 0.99 212.
310.000 ~0.17 22.29 0.5049 -4.60 9.12 20.28 13.71 1.17 173.
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’ TABLE A-2. February Statistical Wind Data, Nellis.

Z MEANU SD. U MEANV SD.V MEANW SD. W
KM M/S M/S R(U.V) M/S M/S M/S M/S SKEWW #0BS
0.00C 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.000 0.00 0.00  0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 -0.57 3.19 0.4803 0.05 4.02 4.24 2.93  1.04 458,
2.000 0.64 4.64 0.5795 1.16 7.07 7.09 4.79 1.13 509.
3.000 3.7 6.14 0.4509 -0.66 8.02 9.28 5.48 0.93 507.
4.000 7.06 7.22 0.2727 -2.19 8.78 11.82 6.63 0.74 501.
5.000 9.67 8.47 0.2081 -3.29 10.21 14.98 7.46  0.65 494.
6.000 11.78 9.78  0.1549 -3.94 11.79 17.66 8.76 0.76 475,
7.000 14.46 10.77 0.1054 ~4.68 13.34 20.67 9.84 0.75 432,
8.000 16.59 11.96 0.0610 -5.65 14.69 23.39 10.87  0.49 426.
9.000 18.71 13.23  0.0904 -6.25 16.06 26.04 11.98  0.46 425.
10.000 21.03 13.85 0.0814 -6.89 16.70 28.38 12.42  0.28 423.
11.000 22.94 14.11  0.0587 -7.26 16.79 29.87 12.93  0.40 421.
12.000 23.30 11.96 0.0833 -6.71 14.63 28.66 11.09  0.37 417,
13.000 23.53 10.23  0.1124 -5.90 12.73 27.58 9.70  0.45 412.
14.000 22.00 9.48 0.1087 -5.06 11.26 25.38 9.06 0.64 412.
15.000 19.79 8.48 0.0930 -4.30 9.63 22.50 8.26 0.82 409,
16.000 16.85 7.35 0.0855 -3.33 8.00 19.00 7.20 0.68 405.
17.000 13.99 7.08  0.0030 -3.09 6.93 15.95 6.99 0.77 386,
18.000 10.88 6.87 -0.1051 -2.74 5.94 12.68 6.89 0.98 385,
19.000 7.93 6.62 -0.1026 -2.78 4.86 10.02 €.13 1.16 374,
20.000 4.91 6.90 -0.1246 -2.58 4.36 8.18 5.51 1.53 374.
' 21.000 2.53 7.30 -0.0784 -2.57 4.03 7.64 4.90 1.77 365.
22.000 0.68 7.73 -0.1221 -2.80 3.72 7.88 4.43 1.71 352.
23.000 -0.97 8.17 -0.1380 -2.73 3.87 8.40 4§.40 1.37 348,
24.000 -1.93 9.20 -0.0487 -2.65 4.06 9.28 5.07 0.92 340,
25.000 -2.16 10.40 0.0151 -2.88 4.16 10.39 5.95 0.96 327.
26.000 -2.26 11.68 0.0983 -3.20 5.11 11.49 6.73  0.60 310.
27.000 -2.09 13.45 0.1243 -3.54 5.94 13.24 7.56 0.64 266.
28.000 -2.71 15.12 0.1993 ~-3.52 6.51 14.70 8.58 0.71 233,
29.000 -2.24 18.03 0.2758 -3.81 6.50 16.72 10.29 1.12 185,
30.000 -1.81 18.98 0.3974 -3.79 6.61 17.73 10.26  0.75 144.
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TABLE A-3. March Statistical Wind Data, Nellis.

z MEANU SD.U MEANV SD.V MEANW SD.W
KM M/S M/IS  R(UV) M/S M/S M/S M/S SKEWW #0OBS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 0.30 3.28 0.5578 0.74 4.29 4.54 3.03 1.05 493,
2.000 1.44 4.14 0.4453 1.66 6.91 7.04 4.48 0.97 553.
3.000 3.61 5.32 0.3033 0.12 7.63 8.58 5.08 0.73 548.
4.000 6.52 6.83 0.1800 -1.17 9.07 11.38 6.55 0.81 543.
5.000 9.40 8.53 0.0934 -1.88 10.99 14.72 8.29 0.89 530.
6.000 12.07 10.47 0.0513 -2.13 12.89 18.02 10.05 1.04 516.
7.000 14.07 12.09 0.0316 -2.03 14.40 20.87 10.94 0.79 475.
8.000 16.30 13.28 0.0714 -2.12 16.00 23.61 12.02 0.57 470.
9.000 18.12 14.35 0.0543 -3.05 17.30 26.13 12.61 0.40 458.
10.000 20.64 15.11 0.0650 -2.83 17.67 28.17 13.42 0.43 453.
11.000 22.48 14.51 0.0799 -2.79 16.85 28.72 13.49 0.53 446.
12.000 23.45 12.81 0.0965 -1.44 14.36 27.81 12.16 0.52 439.
13.000 23.51 11.08 0.1275 -0.64 12.45 26.72 10.80 0.55 437.
14.000 22.07 9.57 0.092¢ 0.02 10.79 24.68 9.26 0.62 435.
15.000 19.91 8.04 0.0810 0.14 9.45 22.11 7.82 0.71 434.
16.000 17.1¢ 7.53 0.1205 0.31 8.12 19.06 7.34 0.88 432.
17.000 14.34 6.83 0.1103 0.47 6.76 15.94 6.62 1.15 411.
18.000 11.31 6.24 0.1251 0.53 5.57 12.63 6.21 1.40 411.
19.000 8.54 5.99 0.1854 0.29 4.57 9.78 5.83 1.70 404.
20.000 5.87 6.12 0.2230 -0.10 3.86 7.59 5.39 2.21 400.
21.000 3.90 6.38 0.1936 -0.45 3.36 6.42 4.44 1.91 394.
22.000 2.38 6.56 0.2234 -0.72 3.11 6.13 3.84 1.88 387.
23.000 1.19 7.14 0.2315 -0.95 3.06 6.38 3.92 1.51 385.
24.000 0.74 7.92 0.2193 -1.11 3.07 6.96 5.04 1.86 367.
25.000 0.69 8.86 0.2576 -1.05 3.32 7.85 5.41 1.57 350.
26.000 0.75 10.17 0.3159 -1.00 3.80 9.06 6.10 1.08 337.
27.000 1.84 11.95 0.4071 -1.32 4.00 10.64 7.10 0.98 290.
28.000 3.35 13.32 0.4738 -1.16 4.28 11.88 8.17 0.98 267.
29.000 5.01 15.20 0.5233 -0.61 4.84 13.78 9.45 0.82 206.
30.000 7.84 17.43 0.5291 0.04 5.52 16.51 11.03 0.63 150.




TABLE A-4. April Statistical Wind Data, Nellis.

P4 MEANU SD.U MEAN V S.D.V MEANW SD W
KM M/S M/S R(U,V) M/S M/S M/S M/S  SKEWW #0BS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 0.52 3.36 0.5409 0.86 4.37 4.79 2.91 0.61 509.
2.000 1.64 4.53 0.4050 2.09 6.72 7.20 4.18 0.96 546.
3.000 3.06 5.49 0.1987 1.17 7.33 8.14 4.95 1.21 544.
4.000 5.65 7.42 0.0101 -0.11 8.87 11.03 6.62 1.18 530.
5.000 8.54 9.41 0.0021 -1.06 10.51 14.21 8.41 0.91 520.
6.000 10.85 10.79 0.0389 -1.41 12.29 17.07 9.77 0.76 513.
7.000 13.30 12.63 0.0690 -1.81 14.39 20.44 11.32 0.74 478.
8.000 15.19 13.76 0.1137 -1.99 16.00 23.06 12.15 0.66 472.
9.000 16.90 14.78 0.1539 -2.28 17.04 25.18 12.84 0.52 468.
10.000 18.92 15.69 0.1824 -2.49 17.28 26.99 13.42 0.60 462.
11.000 20.10 15.39 0.1911 -2.61 16.85 27.72 12.74 0.34 456.
12.000 20.77 14.36 0.2327 -1.73 14.98 26.97 11.68 0.44 452.
13.000 20.17 12.25 0.2500 -0.75 12.62 24.71 10.28 0.35 448,
14.000 19.23 10.84 0.2688 0.13 10.44 22.56 9.34 0.39 447.
15.000 17.43 9.60 0.2173 0.41 9.01 20.12 8.50 0.39 445.
16.000 14.89 8.43 0.1709 0.86 7.47 17.02 7.73 0.50 442.
17.000 12.78 7.45 0.1725 1.17 6.47 14.64 6.89 0.62 411.
18.000 10.19 6.67 0.1651 1.22 5.60 11.91 6.26 0.90 411.
19.000 7.57 6.13 0.2163 1.11 4.73 9.31 5.63 1.25 410.
20.000 5.37 5.55 0.2727 0.85 4.04 7.18 5.02 1.67 406.
21.000 3.59 5.48 0.2967 0.47 3.74 5.89 4.73 1.81 399.
22.000 2.82 5.53 0.3286 -0.01 3.49 5.64 4.35 1.84 393.
23.000 2.13 5.69 0.3250 -0.35 3.37 5.65 4.05 1.71 390.
24.000 2.02 6.01 0.3062 -0.39 3.35 5.71 4.33 1.77 376.
25.000 2.80 6.40 0.3162 -0.45 3.41 6.23 4.65 1.79 363.
26.000 3.58 6.73 0.3251 -0.64 3.50 6.68 5.10 1.66 345.
27.000 4.97 6.96 0.3160 -0.76 3.71 7.51 5.57 1.56 316.
28.000 6.12 6.67 0.2160 -0.67 3.83 8.13 5.55 1.44 286.
29.000 7.43 6.84 0.1966 -0.82 4.08 9.19 5.89 1.60 251.
30.000 8.36 7.52 0.2038 -0.73 4.65 10.31 6.49 1.76 202.
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TABLE A-5. May Statistical Wind Data, Nellis.

Z MEANU SD.U MEANV SD.V MEANW SD W
KM M/S M/S  RU\V) M/S M/S M/S M/S SKEWW #0OBS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 a.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 0.71 3.23 0.5725 1.05 4.00 4.42 2.90 0.93 502.
2.000 1.98 3.51 0.4957 2.58 5.64 6.39 3.73 1.04 530.
3.000 2.31 3.88 0.2359 2.10 5.90 6.56 4.05 1.13 529.
4.000 3.68 5.42 0.0460 1.24 6.72 8.20 4.73 0.89 527.
5.000 6.13 7.76 -0.0004 0.07 8.22 10.89 6.81 1.27 520.
6.000 8.25 9.48 -0.0397 -0.46 9.26 13.15 8.41 1.34 515.
7.000 10.06 10.60 0.0538 -0.79 10.47 15.41 9.28 0.97 474.
8.000 11.63 11.96 0.1130 -1.14 11.88 17.71 10.34 0.92 469.
9,000 13.12 13.17 0.1166 -1.41 13.18 19.92 11.12 0.68 466.
10.000 14.69 14.17 0.1456 -1.82 14.32 21.96 11.93 0.61 464,
11.000 15.88 14.43 0.2073 -2.00 14.64 23.03 12.17 0.65 461.
12.000 16.78 14.06 0.2221 -1.47 13.53 23.00 11.60 0.71 458.
13.000 16.12 11.89 0.2453 -0.91 11.46 20.88 9.84 0.84 455.
14.000 14.87 9.82 0.1870 -0.18 9.17 18.18 8.42 1.20 45S.
15.000 12.95 8.38 0.1692 0.42 7.43 15.43 7.44 1.44 454.
16.000 10.47 7.06 0.0917 0.88 6.17 12.32 6.32 1.33 454.
17.000 8.06 5.92 0.0907 0.85 5.08 9.86 5.41 1.88 425.
18.000 5.46 5.18 0.0845 0.64 4.07 7.10 3.77 1.75 425.
19.000 2.91 4.90 0.0701 0.34 3.32 5.00 3.07 1.64 419.
20.000 0.86 4.63 0.0104 0.11 2.75 3.84 2.09 1.05 419.
21.000 -0.74 4.51 -0.0156 -0.19 2.40 3.47 2.12 1.28 415.
22.000 -1.36 4.34 -0.0516 -0.37 2.2 3.51 2.11 1.11 412.
23.000 -1.72 4.40 -0.0808 -0.52 2.30 3.71 2.24 0.83 407.
24.000 -1.70 4.71 -0.0486 -0.56 2.48 3.79 2.20 0.93 396.
25.000 -1.59 4.07 -0.0105 -0.72 2.37 3.87 2.23 0.61 376.
26.000 -1.38 4.39 -0.0639 -0.63 2.48 4.19 2.40 1.00 364.
27.000 ~-0.91 4.70 -0.0157 -0.63 2.66 4.43 2.73 1.59 341.
28.000 ~0.30 5.22 0.0022 -0.46 2.86 4.85 2.93 1.43 310.
29.000 -0.02 5.58 0.0480 -0.37 2.97 5.17 3.04 1.27 271.
30.000 0.19 6.06 0.0398 -0.39 3.00 5.55 3.21 0.95 234.
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TABLE A-6. June Statistical Wind Data, Nellis.

Z MEANU SD.U MEANV SD.V MEANW SO.W
KM M/S M/S  R(U\V) M/S M/S /S M/S SKEWW #OBS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 Q.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 1.31 3.15 0.6179 1.75 4.21 4,88 2.93 0.60 566.
2.000 2.45 3.39 0.5970 4.42 5.41 7.21 3.717 0.60 587.
3.000 2.42 3.79 0.3528 4.09 5.60 7.12 4.18 1.02 587.
4.000 3.27 5.26 0.1513 3.52 6.09 8.01 4.60 0.90 583.
5.000 5.69 6.64 0.0833 3.10 7.02 10.08 5.81 1.04 574.
6.000 8.12 7.88 0.0710 2.94 8.13 12.30 7.17 0.99 571.
7.000 10.29 8.90 0.1173 3.18 9.36 14.51 8.50 1.00 527.
8.000 12.27 10.32 0.1550 3.60 10.69 16.87 9.98 1.01 526.
9.000 13.98 11.45 0.1689 3.96 11.76 18.98 10.95 0.85 525.
10.000 15.66 12.75% 0.2482 q.26 12.66 21.10 11.86 0.83 522.
11.000 16.90 13.15 0.2768 4.77 13.26 22.617 11.95 0.63 513.
12.000 18.20 12.85 0.2692 5.14 13.22 23.55 11.92 0.47 512.
13.000 18.42 11.62 0.2595 5.69 11.91 23.05 10.81 0.32 508.
14.000 16.99 9.51 0.2211 5.69 10.14 20.78 9.06 0.39 503.
15.000 14.00 7.39 0.2113 5.01 8.16 17.11 7.02 0.26 502.
16.000 10.02 5.72 0.1735 3.94 6.02 12.45 5.45 0.64 498.
17.000 6.40 4.68 0.1114 2.94 4.65 8.69 4.18 1.17 473.
18.000 3.12 4.10 0.1269 2.15 3.66 5.78 3.34 1.74 473.
19.000 -0.08 3.81 0.2342 1.24 2.94 4.09 2.49 1.28 469.
20.000 -2.34 3.65 0.2929 0.57 2.48 4.41 2.25 1.04 466,
21.000 -3.99 3.32 0.1932 0.12 2.11 5.06 2.39 0.55 464 .
22.000 -5.41 2.98 0.1493 -0.09 1.89 6.04 2.27 0.14 461.
23.000 -6.51 3.00 0.0608 -0.17 1.86 7.00 2.42 -0.09 456 .
24 .000 -7.15 3.43 0.1476 -0.30 1.93 7.61 2.95 0.08 451.
25.000 -7.73 3.35 0.0821 -0.36 1.94 8.12 2.98 0.13 438,
26.000 -8.34 3.52 0.0614 -0.41 1.88 8.71 3.14 0.17 425.
27.000 -8.72 3.81 0.0709 0.02 2.16 9.14 3.42 -0.04 399.
28.000 -9.04 4.26 0.2296 -0.03 2.36 9.37 3.2 -0.04 365.
29.000 -9.50 3.84 0.1461 -0.13 2.45 9.97 3.40 0.09 319.
30.000 -9.98 4.03 0.1466 0.01 2.30 10.42 3.54 0.23 269.




TABLE A-7. July Statistical Wind Data, Nellis.

P4 MEANU SD.U MEANV SD.V MEANW SD W
KM M/S M/S R(U.V) M/S M/S M/S M/S SKEWW #0BS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 1.06 3.25 0.5830 1.88 3.58 4.46 2.85 0.64 598.
2.000 2.44 2.72 0.4827 5.03 4.07 6.54 3.53 0.56 615.
3.000 1.58 3.29 0.4621 4.97 4.52 6.55 3.95 0.99 614.
4.000 1.36 4.37 0.3286 4.67 4.44 6.84 3.95 1.06 610.
5.000 2.46 5.31 0.2388 4.56 5.06 7.86 4.33 1.00 600.
6.000 4.06 5.95 0.1996 4.54 5.61 8.93 4.92 0.74 595.
7.000 6.03 6.97 0.1985 5.27 6.33 10.75 6.10 0.85 560.
8.000 7.51 7.75 0.1716 5.81 7.35 12.50 6.93 0.59 548.
9.000 8.88 8.63 0.1806 6.63 8.40 14.29 7.98 0.81 547.
10.000 10.22 9.41 0.0829 7.87 9.16 16.13 8.35 0.52 545.
11.000 11.71 10.16 0.0717 9.10 9.96 18.28 9.39 0.81 544.
12.000 12.61 10.26 0.1050 9.38 10.24 19.00 9.79 0.63 541.
13.000 12.66 10.37 0.1598 8.88 10.12 18.64 0.06 0.69 540.
14.000 11.19 9.19 0.2008 7.60 9.08 16.39 9.02 0.72 539.
15.000 8.14 7.25 0.1880 5.97 7.16 12.59 6.87 0.53 539.
16.000 4.12 5.25 0.1859 4.50 5.51 8.50 4.78 0.74 537.
17.000 1.09 4.24 0.1797 3.25 4.02 5.99 3.17 0.82 503.
18.000 -1.53 3.32 0.2594 2.22 3.09 4.73 2.33 0.38 503.
19.000 -3.95 2.79 0.2782 1.16 2.49 5.13 2.15 0.50 503.
20.000 -6.09 2.25 0.2314 0.49 2.06 6.53 2.00 -0.11 501.
21.000 -7.92 2.45 0.1205 0.14 1.98 8.20 2.32 -0.30 499.
22.000 -9.11 2.19 0.0721 -0.08 1.87 9.32 2.10 -0.28 492.
23.000 -10.43 2.26 0.0620 -0.24 1.78 10.60 2.18 -0.17 489.
24.000 -11.71 2.42 0.0981 -0.19 1.86 11.87 2.34 -0.17 480.
25.000 -12.56 2.57 0.1804 -0.14 1.88 12.73 2.43 -0.33 463.
26.000 -13.36 2.62 0.1640 -0.21 2.00 13.55 2.46 -0.41 451.
27.000 -14.24 2.80 0.0780 -0.05 2.09 14.42 2.67 -0.45 428,
28.000 -14.94 2.67 0.1049 0.18 2.15 15.11 2.55 -0.76 374.
29.000 -15.54 2.80 0.1614 0.04 2.32 15.74 2.66 -0.71 338.
30.000 -16.47 3.07 0.1564 0.06 2.48 16.69 2.91 -0.44 293.
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TABLE A-8. August Statistical Wind Data, Nellis.

4 MEANU SD.U MEANV SD.V MEANW SD W
KM M/S M/S  R(U\V) M/S M/S M/S M/S SKEWW #0BS
0.000 0.00 0.00 0.0000 0.00 0.00 0,00 0.00 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 0.94 2.96 0.55914 1.94 3.36 4.11 2.79 0.65 548.
2.000 2.39 2.65 0.4657 5.02 3.79 6.38 3.41 0.33 567.
3.000 1.39 3.48 0.4111 4.73 4.14 6.39 3.56 0.83 567.
4.000 0.97 4.38 0.2695 4.46 4.44 6.86 3.55 0.76 566.
5.000 2.38 5.22 0.1967 4.20 5.09 7.82 3.90 0.69 562.
6.000 3.90 5.86 0.1717 4.03 5.69 8.86 4.42 0.55 559.
7.000 5.60 6.48 0.1838 4.63 6.24 10.36 5.11 0.65 547.
8.000 7.20 7.22 0.1572 5.55 6.88 12.06 6.05 0.52 547.
9.000 8.83 7.93 0.0978 6.76 7.84 14.12 6.95 0.50 545.
10.000 10.60 8.98 0.0285 8.51 8.80 16.73 7.94 0.47 544,
11.000 12.25 9.91 -0.0212 10.16 9.96 19.33 8.76 0.30 543.
12.000 13.53 10.48 -0.0633 11.51 10.82 21.33 9.35 0.31 540.
13.000 13.72 10.06 -0.0319 11.17 10.41 21.02 8.99 0.28 539.
14.000 12.36 8.69 0.0040 9.26 8.23 18.07 7.41 0.26 538.
15.000 9.42 7.09 -0.0294 7.17 6.42 14.03 5.89 0.21 534.
16.000 5.31 5.21 -0.0137 5.06 4.94 9.30 4.33 0.61 532.
17.000 2.30 4.14 0.0218 3.53 3.72 6.29 2.84 0.58 483.
18.000 ~0.36 3.67 0.1346 2.20 2.76 4.61 2.01 0.30 483,
19.000 ~2.90 3.18 0.1652 1.09 2.49 4.57 2.23 0.60 483.
20.000 ~4.79 2.59 0.1783 0.45 2.04 5.43 2.15 -0.07 482.
21.000 -6.28 2.63 0.0564 0.07 1.99 6.67 2.40 -0.09 481.
22.000 ~7.60 2.23 0.1316 -0.11 1.75 7.82 2.15 -0.13 479,
23.000 -8.92 2.25 0.0498 -0.37 1.69 9.09 2.21 -0.18 475,
24.000 -10.27 2.60 0.0030 -0.39 1.87 10.4¢ 2.56 -0.26 468,
25.000 -11.11 2.63 0.0043 -0.21 1.96 11.30 2.59 -0.28 455.
26.000 -11.80 2.77 0.0383 -0.19 1.90 11.96 2.72 -0.25 438,
27.000 -12.57 3.12 0.0605 -0.16 2.09 12.76 3.06 -0.08 414.
28.000 -13.18 3.14 0.0327 -0.05 1.93 13.33 3.09 -0.20 396.
29.000 -13.74 3.27 0.0936 0.05 2.07 13.90 3.25 -0.18 355.
30.000 -14.16 3.73 0.1223 -0.01 2.31 14.41 3.46 -0.27 310.
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TABLE A-9. September Statistical Wind Data, Nellis.

z MEANU SD.U MEAN V S.D.V MEANW SD. W
KM M/S M/S  R(U,V) WS M/S M/S M/S SKEWW #OBS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.90 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 0.53 2.99 0.5313 1.54 3.70 4.22 2.72 0.74 512.
2.000 1.67 3.27 0.5671 4.28 5.03 6.54 3.79 0.69 550.
3.000 2.01 3.76 0.4068 4.44 5.89 7.27 4.45 0.85 549.
4.000 3.19 5.21 0.2579 3.88 6.34 8.22 4.99 0.75 545.
5.000 4.99 6.65 0.1709 3.43 7.15 9.82 5.95 0.70 541.
6.000 6.75 7.89 0.1777 3.50 8.32 11.68 7.26 0.88 539.
7.000 8.87 9.32 0.2118 3.84 9.80 14.07 8.84 0.99 529.
8.000 10.77 10.57 0.2409 4.18 11.33 16.37 10.27 1.00 526.
9.000 12.41 11.31 0.2518 4.49 12.67 18.58 10.83 0.88 523.
10.000 14.34 11.81 0.2752 4.60 13.63 20.67 11.17 0.57 523.
11.000 16.41 11.78 0.2681 5.12 13.34 22.13 11.06 0.47 522.
12.000 17.711 11.34 0.2361 5.47 12.49 22.69 10.62 0.31 520.
13.000 18.27 10.54 0.1895 5.60 11.03 22.29 10.02 0.33 517.
14.000 17.30 9.13 0.1445 5.21 9.44 20.56 8.73 0.12 514.
15.000 14.49 7.52 0.1441 4.45 7.75 17.15 7.20 0.20 511.
16.000 10.78 6.31 0.1400 3.23 6.23 12.96 6.10 0.52 510.
17.000 7.50 5.65 0.1753 2.16 5.35 9.63 5.35 1.03 472.
18.000 4,38 4.85 0.2468 1.27 4.38 6.63 4.12 1.65 472.
19.000 1.77 4.53 0.3234 0.48 3.67 4.80 3.24 1.65 465.
20.000 0.27 4.39 0.3361 0.14 3.11 4.43 2.78 1.56 465.
21.000 -1.04 4.01 0.1981 ~0.16 2.56 4.22 2.44 1.38 462.
22.000 -1.95 4.06 0.2436¢ -0.27 2.36 4.55 2.27 0.55 458.
23.000 -2.73 4.29 0.21914 ~0.37 2.25 5.05 2.34 0.27 451.
24.000 -3.29 4.52 0.1847 ~0.30 2.22 5.37 2.72 0.30 447,
25.000 -3.67 4.62 0.1685 ~0.08 2.10 5.59 2.82 0.28 430.
26.000 -4.11 4.74 0.1383 -0.07 2.09 5.91 2.97 0.29 422.
27.000 -4.22 4.91 0.1304 0.02 2.20 6.06 3.16 0.36 389.
28.000 -4.09 5.25 0.2442 0.11 2.33 6.23 3.29 0.42 369.
29.000 -4.00 5.61 0.3382 0.05 2.46 6.51 3.34 0.61 321.
30.000 -3.79 6.05 0.3658 ~0.01 2.58 6.65 3.64 0.56 277.
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TABLE A-10. October Statistical Wind Data, Neliis.

y4 MEANU SD.U MEANV SD.V MEANW SD. W
KM M/S M/S  R(UV) M/S M/S M/S M/S SKEWW #OBS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 -0.19 2.98 0.5963 0.44 2.69 3.88 2.77 1.04 569.
2.000 0.22 4.07 0.5563 1.11 5.77 5.77 4.22 1.50 600.
3.000 0.82 5.06 0.3743 0.31 6.43 6.93 4.42 1.07 600.
4.000 2.84 6.76 0.2324 ~0.67 7.35 8.80 5.53 0.99 595.
5.u00 4.96 8.50 0.1229 -1.31 8.65 11.08 7.10 1.11 586.
6.000 6.81 10.23 0.1294 -1.98 10.60 13.74 8.85 1.17 580.
7.000 8.67 11.97 0.1372 ~-2.36 12.84 16.45 10.84 1.26 545.
8.000 10.01 13.27 0.1645 -2.16 13.46 18.28 11.30 0.98 538.
9.000 11.45 14.21 0.1921 -2.08 14.82 20.21 12.17 0.81 535.
10.000 13.26 15.14 0.2561 -1.93 15.67 22.32 12.47 0.55 528.
11.000 15.08 15.03 0.2405 -1.90 15.40 23.186 12.51 0.48 52¢6.
12.000 16.12 14.04 0.2219 -1.45 14.07 22.80 11.70 0.37 521.
13.000 16.23 13.15 0.2096 -1.21 12.22 21.56 11.04 0.50 514.
14.000 14.82 10.89 0.1781 -1.06 10.16 18.79 9.43 0.41 512.
15.000 13.22 3.63 0.1286 -0.68 8.48 16.33 8.55 0.79 506.
16.000 11.12 8.02 0.1834 -0.39 6.94 13.59 7.18 0.72 504.
17.000 9.27 6.90 0.2331 -0.42 5.85 11.48 6.00 0.85 457 .
18.000 6.90 6.05 0.2732 -0.45 4.90 9.11 5.03 1.25 457.
19.000 5.04 5.60 0.3178 -0.42 4.54 7.64 q.37 1.60 454 .
20.000 3.72 5.17 (1.3226 -0.82 3.72 6.38 3.30 1.27 453.
21.000 2.93 5.10 0.2913 -0.85 3.49 5.87 3.59 1.76 450.
22.000 3.10 4.90 0.3727 ~-0.70 3.14 5.71 2.95 0.97 446.
23.000 3.74 4.92 0.3128 -0.64 3.02 6.05 3.33 1.48 439.
24.000 4.66 5.23 N.2496 -0.35 2.95 6.48 3.98 1.24 425.
25.000 6.12 5.12 0.3070 -0.11 2.92 7.38 4.20 0.79 407.
26.000 8.00 5.29 0.2714 0.25 2.98 8.87 4.72 0.41 395,
27.000 9.70 5.88 0.2041 0.41 3.07 10.46 5.37 0.25 373.
28.000 10.89 6.42 0.2795 0.63 3.19 11.70 5.77 0.29 347.
29.000 12.25 6.85 0.2695 0.99 3.37 13.06 6.22 0.29 303.
30.000 13.84 7.21 0.2596 1.54 3.62 14.67 6.62 0.19 256.




TABLE A-11. November Statistical Wind Data, Nellis. ‘

Z MEANU SD.U MEANV  SD.V MEANW SD. W
KM M/S M/S R(U,V) WS M/S M/S M/S SKEW W #0OBS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 -0.66 2.87 0.4699 0.55 3.74 3.92 2.76 1.12 550.
2.000 0.47 4.49 0.5765 1.57 7.07 7.29 4.43 0.9¢6 578.
3.000 3.97 6.34 0.4247 -0.27 8.37 9.85 5.38 0.88 575.
4.000 7.70 7.79 0.2271 -2.09 9.63 13.05 6.83 0.59 570.
5.000 10.78 9.44 0.1478 -2.99 11.79 16.71 8.61 0.52 558.
6.000 13.17 10.68 0.1174 -3.54 13.82 19.81 9.92 0.58 552.
7.000 15.17 12.30 0.1219 -3.70 15.75 22.72 11.24 0.56 525.
8.000 16.92 13.02 0.1519 -4.21 17.41 25.17 11.93 0.49 513.
9.000 18.86 13.51 0.1655 -4.53 18.69 27.4¢6 12.37 0.32 504.
10.000 20.68 13.86 0.2035 -5.29 19.23 29.33 12.50 0.18 495.
11.000 22.16 14.42 0.2282 -5.80 18.64 30.33 12.63 0.17 484.
12.000 23.14 13.65 0.2282 -5.41 17.30 30.19 11.76 0.18 481 .
13.000 22.60 12.41 0.2356 -4.36 15.31 28.36 10.63 0.32 476.
14.000 21.11 10.84 0.2473 -3.85 13.14 25.69 9.50 0.43 472.
15.000 19.08 9.11 0.2760 -3.06 11.15 22.67 8.17 0.43 469.
16.000 16.50 7.94 0.2728 -2.44 9.25 19.28 7.40 0.53 468.
17.000 13.94 7.03 0.2746 -1.97 7.93 16.22 6.88 0.95 437.
18.000 11.12 6.32 0.2416 -1.66 6.59 12.95 6.48 1.39 437.
19.000 8.77 5.88 0.2332 -1.64 5.52 10.41 6.02 1.85 434.
20.000 6.97 5.75 0.2069 -1.61 4.59 8.54 5.68 2.14 434.
21.000 5.58 5.90 0.1752 -1.47 3.98 7.33 5.48 2.17 430.
22.000 5.04 6.04 0.1761 -1.32 3.56 6.96 5.27 2.22 423. .
23.000 4.78 6.32 0.1574 -1.11 3.39 6.97 5.18 2.02 420.
24.000 4.88 7.24 0.2266 -0.73 3.41 7.47 5.70 1.92 410.
25.000 5.48 8.04 0.2834 -0.52 3.52 8.19 5.84 1.67 396.
26.000 5.91 8.89 0.3009 -0.46 3.77 9.02 6.85 1.76 381.
27.000 7.16 10.37 0.3162 -0.35 3.97 10.61 7.88 1.53 354.
28.000 8.66 11.44 0.3794 -0.10 4.51 12.35 8.57 1.20 321.
29.000 10.24 12.88 0.4392 0.12 5.36 14.24 9.81 1.14 264,
30.000 11.73 14.51 0.3632 ~-0.22 6.43 16.11 11.38 1.2 211.
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TABLE A-12. December Statistical Wind Data, Nellis.

z MEANU SD.U MEANV  SD.V MEANW SD. W
KM M/S M/S R(U.V) M/S M/S M/S WS SHEWW #0BS
0.000 0.00 0.00 0.0000 0.00 0.00 0.00 000 0.00 0,
1.000 0.00 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.
1.007 ~1.10 2.66 0.2542 -0.10 3.20 3.54 2.44 1.12 586.
2.000 ~0.08 4.36 0.4932 0.28 6.30 6.58 3.93 0.89 614.
3.000 3.43 6.65 0.2835 -1.26 7.91 9.59 5.30 0.75 610.
4.000 6.76 8.10 0.1462 -2.86 9.24 12.56 6.85 0.78 600.
5.000 9.29 9.76 0.0780 -3.84 10.95 15.57 8.58 0.77 586.
6.000 11.33 11.27 0.0865 -4.00 12.57 18.11 10.05 0.77 5€63.
7.000 12.71 12.75 0.1577 -4.54 14.21 20.49 11.23 0.73 536.
8.000 14.51 13.97 0.1820 -5.15 15.61 22.92 12.24 0.75 524.
9.000 16.56 15.31 0.1936 -5.60 16.89 25.67 12.88 0.56 518.
10.000 18.55 16.40 0.1839 -6.07 17.29 27.82 13.21 0.48 511.
11.000 20.40 16.37 0.1847 -6.66 16.49 28.77 13.12 0.43 504.
12.000 21.02 14.96 0.1778 -6.60 14.68 27.77 12.36 0.45 497.
13.000 20.79 13.22 0.1710 -5.71 13.41 26.24 11.40 0.4¢6 492.
14.000 19.56 11.03 0.1867 -5.20 11.60 23.81 9.94 0.40 489.
15.000 17.73 9.46 0.2208 -4.70 10.18 21.36 8.56 0.43 487.
16.000 15.29 8.37 0.2168 -4.38 8.66 18.42 7.64 0.67 485.
17.000 12.84 7.46 0.2467 -4.03 7.54 15.67 6.40 0.72 448.
18.000 10.20 7.08 0.2029 -3.66 6.31 12.85 5.99 0.98 448.
19.000 7.55 6.83 0.1641 -3.65 5.40 10.51 5.46 1.24 441.
20.000 5.26 6.86 0.1771 -3.45 4.72 8.93 4.89 1.42 435.
21.000 3.80 7.33 0.1193 -3.51 4.69 8.58 4.91 1.31 428.
22.000 2.70 7.91 0.0961 -3.66 4.55 8.69 4.94 1.33 425.
23.000 1.84 9.07 0.1191 -3.76 4.61 9.48 5.56 1.37 412.
24.000 1.81 10.31 0.1840 -3.62 5.18 10.41 6.40 1.14 403.
25.000 3.04 12.09 0.2422 -3.64 5.76 12.07 7.48 1.26 389.
26.000 4.03 13.74 0.2093 -3.82 6.32 13.82 8.25 0.93 374.
27.000 5.76 15.74 0.2392 -3.90 6.93 15.89 9.53 0.82 346.
28.000 7.84 17.70 0.2725 -3.69 7.24 17.98 10.80 0.72 305.
29.000 10.03 19.72 0.2670 -3.48 8.44 20.36 12.54 0.78 252.
30.000 12.28 21.97 0.3624 -2.89 10.15 23.11 14.46 1.11 185.
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TABLE A-13. Annual Statistical Wind Data, Nellis. .
Z MEAN U SD. U MEAN V SD.V MEANW SD. W
KM M/S M/S  R(UV) M/S M/S M/S M/S SKEWW #OBS
0.000 0.00 0.00 Q0.06000 0.00 .00 0.00 0.00 a.0n 0.
1.000 0.0n0 0.00 0.0000 0.00 0.00 0.00 0.00 0.n0 n.
1.007 0.13 3.19 -0.0093 0.89 2.88 4.25 2.82 0.8¢ £18¢€
2.000 1.21 4.0¢6 ~-0.1185 2.46 6.19 5.74 4.0¢ 0.95% €799,
3.00¢C 2.52 5.25 -0.105%0 1.57 7.16 L9l 4.88 1.01 6777,
4.000 4.45 6.91 ~-0.0429 0.54 8.17 3.85 6.11 1.0% fT10.
5.00¢C 6.74 8.51 0.0115 -0.14 9,58 2.28 7.67 1.08 €590
6.000 8.77 g.91 0.0343 -0.43 11.00 14.59 2.13 1.07 f4R7,
7.000 10.73 11.23 0.0327 -0.43 12.57 17.04 10.4% 1.00 CBEARN
8.000C 12.48 12.38 0.C336 -0.47 13.97 16,32 11.4¢% 0.88 6028, -
9.000 14.15 13.41 0.03219 -0.46 15.25 21.54 2.20 0,73 S597TF .
16.000 15.97 14.25% 0.0250 -0.36 16.06 23.%7 12.63 0.63 59273,
11.200 17.58 14.37 Nn.0110 -0.14 16.13 24.84 12.60 0.58 5RA1
12.000 18.54 13.47 -0.0398 0.44 15.07 24.78 11.7¢ 0.48 5814.
13.000 18.5¢ 12.17 ~0.1035 0.91 13.46 23.63 10,77 0.48 57773
14.000C 17.28 10.58 -0.1351 0.95 11.51 21.28 9.54 0,50 ST50.
15.000 14.99 3.2 ~-0.133¢6 0.79 3,62 18.24 8.41 0.60 S722.
16.000 11.9¢6 8.32 ~-0.1018 0.55 7.81 14.67 T.R0 n.79 56309,
17.00Q0 9,27 7.68 ~0.0474 0.2 .49 11.82 6.84 1.0¢ 531%.
18.000 6.47 7019 0.0051 -0.03 5.35 95.17 6.05 1.47 5214,
g.00n0 3.8¢% €.95 n.0538 ~-0.44 4.52 7.41 5.2 1.8% 5260,
20,000 1.7 6.7R 0.0480 -0.73 2.8¢6 6.56 4,36 2.11 5215,
*1.c00 0.08 6,930 0.0032 -0.24 1.54 6.46 4.14 1.7% 5185
22,000 -0.92¢ 17 ~-0.0442 -1.04 2,34 6. 8¢Q 4.1 1.54 9119 .
or.nnn -1.81 TLUER ~-N.0850 -1.19 2,30 7.42 4,26 1.27 SN5 0
L0 ~Z.76 8.55 -0.0885 -1.15 3.44 8.13 4.93 1.0R 493
o5.00C -Z.on 9.51 -0.069%6 -1.11 3.69 8.92 S.44 1.17 4750
26,000 ~-2.08 10.F1 -0.0551 -1.12 2,38 9.83 €.09 1.1% 4562
ST L0nn -1.6AR 11.497 -0.,03472 -1.07 4.3¢ 10.30 .87 1.1%8 47049,
28,000 -1.22 13.20 -£.0183 -0.92 .62 11.82 7.87 1.72C TRGY
279,000 -0, 94 14.47 -0.0104 -0.79 4.93 12.81 8.41 1.54 257,
0000 -0.7s 15,75 -0.00%8 -0.¢5 5.31 13.82 9,27 1.77 27Ny,
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APPENDIX B
Nellis Thermodynamics Statistics Tables

Tables B-1 through B-13 provide thermodynamics statistics (monthly and annual) for
Nellis. They were prepared as described in Chapter 3.
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APPENDIX C
Nellis Moisture-Related Statistics Tables

Tables C-1 through C-13 provide moisture related statistics (monthly and annual) for
Nellis. They were prepared as described in Chapter 3.
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APPENDIX D
Nellis Hydrostatic Model Atmospheres

Tables D-1 through D-13 provide hydrostatic model atmospheres (monthly and annual)
from O to 30 km over Nellis. They were prepared as described in Chapter 3.

D-1




TABLE D-1. January Hydrostatic Model Atmosphere, Nellis.

Z GEO.HT  PRESS D TV
KM KM MB G/M° K
0.000 0.000 1019.6911 1247.0576 284.87
1.000 0.999 903.8348 1118.9778 281.40
1.007 1.006 902.9464 1117.7261 281.44
2.000 1.998 799.4678 1007.1643 276.54
3.000 2.998 705.8961 905.6743 271.%4
4.000 3.997 621.2950 $14.1843 265.85
5.000 4.996 545.5237 732.7905 259.35%5
6.000 5.995 477.5684 659.1123 252.43
7.000 6.994 416.2574 590.0635 245.77
8.000 7.994 361.2471 525.5449 239.47
9.000 8.993 312.2661 461.8239 235.56
10.000 9.992 268.5816 418.5371 223.56
11.000 10.991 230.175¢6 366.8352 218.60
12.000 11.990 196.7687 316.4070 216.65
13.000 12.989 168.0210 270.3268 216.54
14.000 13.989 143.4610 231.6576 215.75
15.000 14.988 122.2764 199.5017 213.53
16.000 15.987 104.1672 171.7847 211.25
17.000 16.986 88.5321 146.8132 210.08
18.000 17.985 75.2502 124.8951 209.90
19.000 18.985 63.9901 105.8417 210.63
20.000 19.984 54.4278 838.6402 211.53
21.000 20.983 46.3507 76.0090 212.45
22.000 21.982 39.5006 64.4515 213.51
23.000 22.981 33.6619 54.6711 214.51
24.000 23.980 28.7353 46.4428 215.55
25.000 24.980 24.5333 39.4787 216.50
26.000 25.979 20.9731 33.5568 217.74
27.000 26.978 17.9578 28.5784 218.91
28.000 27.977 15.3916 24.3565 220.15
29.000 28.976 13.2231 20.7987 21.49
30.000 29.976 11.3721 17.7416 223.31
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. TABLE D-2. February Hydrostatic Model Atmosphere, Nellis.

V4 GEO.HT  PRESS D TV

KM KM MB eV K
0.000 0.000 1018.3234 1243.9452 285.20
1.000 0.999 902.5216 1112.2462 282.69
1.007 1.006 901.6420 1110.4373 282 .88
2.000 1.998 798.5957 1003.79857 277.17
3.000 2.998 705.2631 905.2783 271.41
4.000 3.997 620.6314 814.4531 265.48
5.000 4.996 544.8500 733.3273 258.84
6.000 5.995 476.8356 660.0758 251.67
7.000 6.994 415.4601 591.6090 244.65
8.000 7.994 360.3682 525.7939 238.77
9.000 8.993 311.2759 459,9731 235.76
10.000 9.992 267.4960 419.2778 222.27
11.000 10.991 228.9944 367.6283 217.01
12.000 11.990 195.5664 316.2338 215.45
13.000 12.989 166.8987 268.8568 216.27
14.000 13.989 142.4945 229.9877 215.85
15.000 14.988 121.4931 197.7596 214.03
16.000 15.987 103.5487 169.9918 212.21
17.000 16.986 88.1051 145.4971 210.96
18.000 17.985 74.9203 123.8950 210.67
19.000 18.985 63.7549 105.0207 211.49
. 20.000 19.984 54.2601 88.9940 212.41
21.000 20.983 46.2307 75.4728 213.40
22.000 21.982 39.4367 64.0307 214.57
23.000 22.981 33.6490 54.3514 215.68
24.000 23.980 28.7424 46.1789 216.84
25.000 24.980 24.5744 39.2826 217.94
26.000 25.979 21.0265 33.4086 219.26
27.000 26.978 18.0201 28.4777 220.45
28.000 27.977 15.4582 24.3015 221.61
29.000 28.976 13.2737 20.7450 222.91
30.000 29.976 11.3917 17.6969 224.26
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TABLE D-3. March Hydrostatic Model Atmosphere, Nellis.

Z GEO.HT  PRESS D TV
KM KM MB G/m? K
0.000 0.000 1014.1003 1234.5122 286.18
1.000 0.999 899,.6005 1099.2907 285.10
1.007 1.006 898.7208 1098.0696 285.14
2.000 1.998 796.4112 997.6733 278.10
3.000 2.998 703.5070 905.5203 270.66
4.000 3.997 618.8408 815.7649 264.28
5.000 4.996 542.9363 734.0604 257.68
6.000 5.995 474.7878 660.1654 250.56
7.000 6.994 413.4389 591.8405 243.37
8.000 7.994 358.3957 524.8762 237.88
9,000 8.993 309.4311 459.7570 234.47
10.000 9.992 265.8379 416.9131 222.14
11.000 10.991 227.6374 363.9537 217.90
12.000 11.990 194.5518 312.6791 216.717
13.000 12.989 166.1705 266.6818 217.08
14.000 13.989 141.9560 228.2260 216.69
15.000 14.988 121.1234 196.2431 215.03
16.000 15.987 103.3121 168.7857 213.24
17.000 16.986 88.0147 144.4143 212.33
18.000 17.985 74.9237 123.1321 211.99
19.000 18.985 63.8132 104.6304 212.48
20.000 19.984 54.3510 88.8438 213.13
21.000 20.983 46.3375 75.4743 213.89
22.000 21.982 39.5204 64.1588 214.60
23.000 22.981 33.7133 54.4750 215.61
24.000 23.980 28.7851 46.2929 216.63
25.000 24.980 24.6073 39.3741 217.73
26.000 25.979 21.0497 33.4633 219.15
27.000 26.978 18.0509 28.4974 220.67
28.000 27.977 15.4821 24.2707 222.23
29.000 28.976 13.2918 20.6761 223.96
30.000 29.976 11.4034 17.5972 225.76




TABLE D-4. April Hydrostatic Model Atmosphere, Nellis.

Z GEO.HT  PRESS D TV
KM KM MB GMm® K
0.000 0.000 1012.3194 1216.5879 289.89
1.000 0.999 899.0871 1082.6493 289.32
1.007 1.006 898.2267 1081.7562 289.28
2.000 1.998 797.2490 984.4452 282.14
3.000 2.998 705.4531 896.8954 274.02
4.000 3.997 621.4714 810.6966 267.07
5.000 4.996 546.0102 730.1463 260.52
6.000 5.995 478.2068 657.3891 253.43
7.000 6.994 417.0353 589.1108 246.62
8.000 7.994 362.1951 526.0147 239.88
9.000 8.993 313.3363 463.9979 235.26
10.000 9.992 269.6386 418.5951 224.41
11.000 10.991 231.1252 368.6620 218.41
12.000 11.990 197.4654 320.3438 214.75
13.000 12.989 168.3572 273.4150 214.52
14.000 13.989 143.5921 232.9848 214.71
15.000 14.988 122.3894 199.5366 213.69
16.000 15.987 104.2975 170.8206 212.71
17.000 16.986 88.8048 145.7564 212.26
18.000 17.985 75.5996 123.9944 212.41
19.000 18.985 64.4122 105.2721 213.16
20.000 19.984 54.8895 89.4035 213.89
21.000 20.983 46.8194 75.9392 214.79
22.000 21.982 39.9722 64.4807 215.97
23.000 22.981 34.1387 54,7288 217.31
24.000 23.980 29.1757 46.5170 218.51
25.000 24.980 24.9748 39.5296 220.11
26.000 25.979 21.3847 33.5935 221.77
27.000 26.978 18.3537 28.6195 223.42
28.000 27.977 15.7756 24.4125 225.13
29.000 28.976 13.5689 20.8230 227.02
30.000 29.976 11.6563 17.7463 228.83
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TABLE D-5. May Hydrostatic Model Atmosphere, Neilis.

y4 GEO.HT  PRESS D Tv
KM KM MB oM K
0.000 0.000 1008.0833 1184.3793 296.53
1.000 0.999 897.4384 1059.6443 295.05
1.007 1.006 896.6083 1058.8662 295.00
2.000 1.998 797.6146 965.5542 287.79
3.000 2.998 707.4376 882.7571 279.19
4.000 3.997 624.6033 801.6915 271.43
5.000 4,996 549.8811 724.2132 264.52
6.000 5.995 482.6646 653.0340 257.49 .
7.000 6.994 421.8314 587.1521 250.29
8.000 7.994 367.1010 525.8607 243.20
9.000 8.993 318.2796 467.5562 237.16
10.000 9.992 274.6053 407.8883 234.54
11.000 10.991 235.8472 371.7148 221.04
12.000 11.990 201.7642 324.9630 216.31
13.000 12.989 172.1448 279.7353 214.39
14.000 13.989 146.8094 238.7670 214.21
15.000 14.988 125.0848 204.0045 213.61
16.000 15.987 106.5718 174.7362 212.48
17.000 16.986 90.7838 149.2434 211.92
18.000 17.985 77.2700 126.9966 211.97
19.000 18.985 65.7982 107.7329 212.78
20.000 19.984 56.0727 91.2556 214.07
2'1.000 20.983 47.8379 77.2471 215.75
22.000 21.982 40.8919 65.5325 217.39
23.000 22.981 34.9612 55.5883 219.11
24.000 23.980 29.9119 47.1828 220.86
25.000 24.980 25.6553 40.1611 222.55
26.000 25.979 22.0105 34.1768 224.37
27.000 26.978 18.9113 29.1298 226.17
28.000 27.977 16.2751 24.8713 227.97
29,000 28.976 14.0182 21.2539 229.78
30.000 29.976 12.0721 18.1605 231.59




TABLE D-6. June Hydrostatic Model Atmosphere, Nellis.

Z GEO.HT  PRESS D TV
KM KM MB oM K
0.000 0.000 1006.6837 1161.1521 302.04
1.000 0.999 898.1988 1041.5760 300.43
1.007 1.006 897.2213 1040.6753 300.36
2.000 1.998 800.0531 949.8742 293.43
3.000 2.998 711.2185 870.1947 284.74
4.000 3.997 629,3964 792.2160 276.78
5.000 4.996 555.4234 718.0855 269.47
6.000 5.995 488.9012 649.1309 262.39
7.000 6.994 428,2306 584.8147 255.10
8.000 7.994 373.7435 525.9165 247.58
9.000 8.993 324.8088 471.2259 240.14
10.000 9,992 281.2709 416.6161 235.20
11.000 10.991 242.2629 374.8826 225.14
12.000 11.990 207.6807 330.0125 219.24
13.000 12.989 177.4817 286.9051 215.51
14.000 13.989 151.3882 247.1056 213.44
15.000 14.988 128.8479 212.2853 211.45
16.000 15.987 109.5733 181.8661 209.90
17.000 16.986 93.1668 155.1943 209.14
18.000 17.985 79.1620 131.2444 210.13
19.000 18.985 67.3519 110.5375 212.27
20.000 19.984 57.4012 93.2819 214.38
21.000 20.983 48.9731 78.8760 216.31
22.000 21.982 41.8829 66.8799 218.17
23.000 22.981 35.8301 56.7412 219.99
24.000 23.980 30.6673 48.1623 221.83
25.000 24.980 26.3306 40.9940 223.717
26.000 25.979 22.6128 34.9262 225.5€
27.000 26.978 19.4477 29.8008 227.35
28.000 27.977 16.7487 25.4732 229.0%
29.000 28.976 14.4360 21.7920 230.78
30.000 29.9/86 12.4491 18.6533 232.51




TABLE D-7. July Hydrostatic Model Atmosphere, Nellis.

ya GEO.HT  PRESS D v
KM KM MB am® K
0.000 0.000 1006.9894 1146.6211 305.96
1.000 0.999 899.8860 1032.6690 303.59
1.007 1.006 899.0186 1031.8735 303.53
2.000 1.998 802.5696 942.8218 296.56
3.000 2.998 714.2866 864.2921 287.92
4.000 3.997 633.0849 788.1207 279.85
5.000 4,996 559.4796 715.3792 272.46
6.000 5.985 493.1648 647.0621 265.52
7.000 6.994 432.6713 582.7907 258.64
8.000 7.994 378.4316 524.2049 251.50
9.000 8.993 329.5564 470.3848 244.08
10.000 9.992 286.2106 420.4005 237.18
11.000 10.991 247.2235 366.6635 234.90
12.000 11.990 212.3934 332.3269 222.66
13.000 12.989 181.7977 292.2481 216.72
14.000 13.989 155.0642 255.3969 211.52
15.000 14.988 131.7455 220.8968 207.78
16.000 15.987 111.7269 188.6073 206.37
17.000 16.986 94,7599 159.3123 207.22
18.000 17.985 80.4339 133.9051 209.27
19.000 18.985 68.4010 112.3641 212.08
20.000 19.984 58.3066 94.6494 214.61
21.000 20.983 49,7421 79.9455 216.76
22.000 21.982 42.5618 67.7839 218.75
23.000 22.981 36.4312 57.5606 220.50
24.000 23.980 31.1966 48.9191 222.17
25.000 24.980 26.7799 41.6672 223.91
26.000 25.979 23.0044 35.5168 225.65
27.000 26.978 19,7818 30.3124 227.35
28.000 27.977 17.0402 25.9294 228.95
29.000 28.976 14.6904 22.1944 230.59
30.000 29.976 12.6614 19.0055 232.09
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TABLE D-8. August Hydrostatic Model Atmosphere, Nellis.

ya GEO.HT  PRESS D v
KM KM MB am® K
0.000 0.000 1008.0256 1146.8692 306.21
1.000 0.999 900.7066 1035.4380 303.05
1.007 1.006 889. 3405 1034.1990 302.95
2.000 1.998 803.1205 945.0663 296.06
3.000 2.998 714.6033 866.3698 287.36
4.000 3.997 633.2090 789.8457 279.29
5.000 4.996 559.4481 716.5457 272.00
6.000 5.995 493.0628 647.8027 265.17
7.000 6.994 432.5181 583.4286 258.27
8.000 7.994 378.2118 524.8839 251.03
9.000 8.993 329.2825 471.0719 243.52
10.000 9,992 285.8239 419.7316 237.24
11.000 10.991 246.8184 367.3992 234.04
12.000 11.990 212.0242 332.0527 222.45
13.000 12.989 181.4692 291.6414 216.78
14.000 13.989 154.8157 254.5427 211.89
15.000 14.988 131.5719 220.0784 208.28
16.000 15.987 111.6117 188.1680 206.64
17.000 16.986 94,6452 158.851¢6 207.57
18.000 17.985 80.3675 133.4613 209.79
19.000 18.985 68.3627 112.0674 212.52
20.000 19.984 58.2859 94.5409 214.78
21.000 20.983 49.7345 79.9221 216.79
22.000 21.982 42.5500 67.8552 218.46
23.000 22.981 36.4130 57.6435 220.07
24.000 23.980 31.1710 48.9802 221.71
25.000 24.980 26.7447 41.7292 223.28
26.000 25.979 22.9642 35.5748 224.89
27.000 26.978 19.7387 30.3779 226 .37
28.000 27.977 16.9860 25.9889 227.70
29.000 28.976 14.6274 22.2523 229.01
30.000 29.976 12.5972 19.0570 230.29

o
&)




TABLE D-9. September Hydrostatic Model Atmosphere, Nellis.

z GEO.HT  PRESS D v
KM KM MB am® K
0.000 0.000 1009.2957 1166.0282 301.56
1.000 0.9%99 900.2221 1049.8397 298.73
1.007 1.006 898.8437 1048.5662 298.64
2.000 1.998 801.2171 956.7482 291.75
3.000 2.998 711.7420 875.6017 283.19
4.000 3.997 629.6457 795.4797 275.76
5.000 4,996 555.4503 719.1750 269.07
6.000 5.995 488.7572 648.8648 262.42
7.000 6.994 428.1639 584.0953 255.38
8.000 7.994 373.7450 524.9625 248.03
9.000 8.993 324.8991 470.1563 240.75
10.000 9.992 281.4709 414.8507 236.37
11.000 10.991 242.6273 360.9504 234.18
12.000 11.990 208.2034 328.3513 220.91
13.000 12.989 178.0319 286.5911 216.42
14.000 13.989 151.9224 248.7243 212.79
15.000 14.988 129.1737 214.6883 209.62
16.000 15.987 109.6878 183.9818 207.70
17.000 16.986 93.0949 155.9733 207.94
18.000 17.985 79.0498 131.3103 209.73
19.000 18.985 67.2306 110.5251 211.92
20.000 19.984 57.2821 93.2350 214.04
21.000 20.983 48.8543 78.8231 215.93
22.000 21.982 41.7662 66.8686 217.60
23.000 22.981 35.7178 56.7526 219.26
24.000 23.980 30.5643 48.1943 220.94
25.000 24.980 26.2088 41.0554 222.40
26.000 25.979 22.4885 35.0040 223.82
27.000 26.978 19.3049 29.8743 225.13
28.000 27.977 16.6037 25.5619 226.29
29.000 28.976 14,2857 21.8824 227.44
30.000 29.976 12.2905 18.7429 228.45
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‘ TABLE D-10. October Hydrostatic Model Atmosphere, Nellis.

Z GEO.HT  PRESS D TV
KM KM MB GoM® K
0.000 0.000 1014.2491 1203.8255 293.52
1.000 0.999 901.8252 1076.6443 291.82
1.007 1.006 900.7736 1075.3767 291.82
2.000 1.998 800.8971 976.3585 285.78
3.000 2.998 709.7579 889.2044 278.08
4.000 3.997 626.6097 803.1901 271.79
5.000 4.996 551.7638 723.9550 265.51
6.000 5.995 484.6218 652.7419 258.65
7.000 6.994 423.7357 587.2407 251.38
8.000 7.994 369.0244 526.6910 244 .09
9.000 8.993 320.1422 469.4467 237.5¢%
10.000 9.992 276.5477 409.4996 235.217
11.000 10.991 237.8449 371.2359 223.20
12.000 11.990 203.7985 324.5490 218.77
13.000 12.989 174.0470 281.4329 215.45
14.000 13.989 148.4669 243.0232 212.83
15.000 14.988 126.2364 209.1241 210.30
16.000 15.987 107.2599 179.1766 208.55
17.000 16.986 91.0983 152.4235 208.22
18.000 17.985 77.3449 128.7821 209.23
19.000 18.985 65.7581 108.7266 210.70
. 20.000 19.984 55.9465 91.8350 212.24
21.000 20.983 47.6575 77.7309 213.60
22.000 21.982 40.6562 65.8509 215.09
23.000 22.981 34.7005 55.7965 216.66
24.000 23.980 29.6536 47.3361 218.24
25.000 24.980 25.3839 40.2375 219.78
26.000 25.979 21.7379 34,2211 221.30
27.000 26.978 18.6513 29.1759 222.71
28.000 27.977 16.0101 24.9120 223.89
29.000 28.976 13.7560 21.3013 224.98
30.000 29.976 11.8188 18.2217 225.96
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TABLE D-11. November Hydrostatic Model Atmosphere, Nellis.

2 GEO.HT  PRESS D TV
KM KM MB am® K
0.000 0.000 1016.9615 1232.7749 287.39
1.000 0.999 902.4134 1104.1156 284.74
1.007 1.006 901.5385 1103.1906 284.70
2.000 1.998 799.2332 996.9408 279.29
3.000 2.998 706.5717 898.3767 274.00
4.000 3.997 622.6450 808.8348 268.19
5.000 4.996 547.3289 728.3519 261.80
6.000 5.995 479,7301 655.6903 254.89
7.000 6.994 418.,7028 588.2539 247.97
8.000 7.994 363.9607 525.3920 241.34
9,000 8.993 315.1610 464.0317 236.62
10.000 9,992 271.6761 401.7311 235.60
11.000 10.991 233.2205 367.7897 220.91
12.000 11.990 199.5720 320.4118 216.99
13.000 12.989 170.3047 276.2335 214.79
14.000 13.989 145.2022 237.6543 212.86
15.000 14.988 123.5004 204.1565 210.75
16.000 15.987 104.9845 174.9391 209.07
17.000 16.986 89.1897 149.1142 208.38
18.000 17.985 75.7186 126.2724 208.91
19.000 18.985 64.3465 106.6878 210.12
20.000 19.984 54.7176 80.1902 211.36
21.000 20.983 46.5923 76.3442 212.62
22.000 21.982 39.7130 64.6696 213.94
23.000 22.981 33.8698 54.7661 215.46
24.000 23.980 28.9123 46.4571 216.81
25.000 24.980 24.7167 39.4942 218.03
26.000 25.979 21.134¢ 33.5939 219.17
27.000 26.978 18.1104 28.6402 220.30
2R.000 27.977 15.5205 24.4150 221.47
29.000 28.976 13.3118% 20.8122 222 .83
30.000 29.976 11.4296 17.7675 224.11




TABLE D-12. December Hydrostatic Model Atmosphere, Nellis.

Z GEO.HT  PRESS D TV
KM KM MB om® K
0.000 0.000 1020.484¢6 1251.5015 284.07
1.000 0.999 904.1017 1120.0529 281.21
1.007 1.006 903.2093 111¢.0651 281.18
2.000 1.998 799,8099 1004.9454 277.217
3.000 2.998 706.5395 902.3788 272.78
4.000 3.997 622.1421 812.0096 266.92
5.000 4.996 546.5886 730.9006 260.53
6.000 5.995 478.8665 657.5896 253.70
7.000 6.994 417.6487 590.0478 246.59
8.000 7.994 362.7275 525.9792 240.25
9.000 8.993 313.8119 462.4806 236.39
10.000 9.992 270.1600 399.2758 235.72
11.0600 10.991 231.7293 367.6570 219.58
12.000 11.990 198.1620 318.9286 216.46
13.000 12.989 169.0795 274.2309 214.80
14.000 13.989 144.1816 235.3062 213.47
15.000 14.988 122.6979 202.0742 211.54
16.000 15.987 104.3687 173.3510 209.795
17.000 16.986 88.6658 147.9595 208.77
18.000 17.985 75.2648 125.7152 208.57
19.000 18.985 63.9383 106.2816 209.59
20.000 19.984 54.3407 89.8810 210.¢3
21.000 20.983 46.2538 76.1238 211.68
22.000 21.982 39.3981 64.4978 212.81
23.000 22.981 33.5697 54.6475 214.01
24.000 23.980 28.6339 46.3677 215.14
25.000 24.980 24.4481 39.3823 216.27
26.000 25.979 20.8760 33.46890 217.31
27.000 26.978 17.8730 28.5104 218.40
28.000 27.977 15.3027 24.2982 219.41
29.000 28.976 13.1067 20.7354 220.21
30.000 29.976 11.2139 17.6536 221.30




TABLE D-13. Annual Hydrostatic Model Atmosphere, Nellis.

y4 GEO.HT  PRESS D TV
KM KM MB GM® K
0.000 0.000 1013.1313 1201.7952 293.69
1.000 0.999 900.842z90 1076.1218 291.64
1.007 1.006 899.8594 1075.0252 291.62
2.000 1.998 799.7914 976.1532 285.44
3.000 2.998 708.6985 887.5602 278.18
4.000 3.997 625.5273 803.2364 271.31
5.000 4.996 550.6571 725.1383 264.56
6.000 5.995 483.3957 6..,.7187 257.61
7.000 6.994 422.4560 587.1582 250.66
8.000 7.994 367.7538 524.3619 244 .33
9.000 8.993 318.8478 462.9279 239.95
10.000 9.992 275.2841 405.1813 236.70
11.000 10.991 236.6350 351.7864 234.35
12.000 11.990 202.6529 323.4745 218.26
13.000 12.989 173.1004 279.4796 215.78
14.000 13.989 147.6945 240.7392 213.73
15.000 14.988 125.7097 207.0820 211.49
16.000 15.987 106.9148 177.4998 209.84
17.000 16.986 90.8507 151.1015 209.47
18.000 17.985 77.1980 127.9713 210.16
19.000 18.985 65.6818 108.1246 211.63
20.000 19.984 55.9307 91.4332 213.11
21.000 20.983 47.6888 77.4350 214.55
22.000 21.982 40.7273 65.6911 215.99
23.000 22.981 34.7877 55.7337 217.45
24.000 23.980 29,7521 47.3449 218.93
25.000 24.980 25.4707 40.2724 220.34
26.000 25.97¢ 21.8263 34.2783 221.83
27.000 26.978 18.7469 29.2439 223.33
28.000 27.977 16.1135 24.9775 224.75
29.000 28.976 13.8767 21.3636 226.29
30.000 29.976 11.9407 18.2637 227.77
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APPENDIX E
Wind Statistics wverivable from Appendix A Tables

Appendix E gives a few graphic examples of certain wind statistics that can be derived
from basic data in Appendix A. These examples should help RRA users understand the
functional relationships of the probability wind models and develop an appreciation for
the powerful properties of the bivariate normal probability distribution function. Only a
few of the many options in deriving wind statistics are illustrated here.

All illustrations for this appendix were derived for the five wind component statistical
parameters from Table A-1 (January) and Table A-7 (July) for nine selected altitudes;
these are: 2, 4, 8, 12, 16, 20, 24, 28, and 30 km. Descriptions of Tables E-1 and E-2
and Figures E-1 through E-72 follow:

Wind Speed (Tables E-1 and E-2)
The five wind components from Appendix A are used as inputs to the generalized Rayleigh
probability density function (equation 29), then integrated as indicated by equation 30 to
obtain the probability distribution function for wind speed. The derived distribution functions
for wind speed are shown in Tables E-1 and E-2 on the normal probability scale.

Frequency of Wind Direction (Figures E-1 through E-18)
The derived frequencies for wind direction shown in Figures E-5 through E-20 were obtained
using the five wind component parameters from Tables A-1 and A-7 as input values in
equation 35. The limits of integration (performed numerically) are over the 22.5-degree
interval for each of the 16 compass points. The graphs give the percentage frequency that
the wind will blow from the direction intervals.

Mean Wind Components and 80th interpercentlle Range of Wind Components (Figures
E-19 through E-36)
Wind component means with respect to any orthogonal axis are obtained by using the zonal
and meridional mean wind components in equations 44 and 45. These component means
form the circle shown in Figures E-19 through E-36. The zonal and meridional wind
component variances and correlation coefficients are then used in equations 46 and 47 to
obtain the variances with respect to any orthogonal axis. These rotated component variances
and the rotated component means are used in equation 8 to obtain the 80th interpercentile
range of wind components, as shown in Figures E-19 through E-36.

Probabillity Ellipses (Figures E-37 through E-54)
Using the five wind component parameters from Tables A-1 and A-7, and p = 0.50, p = 0.95,
and p = 0.99 as input values to equation 13, the wind probability ellipses shown in Figures
E-37 through E-54 were produced with computer graphics, using the standard meteorological
coordinate system explained in Chapter 1. Statistical inferences are, for example, that 50
percent of the wind vectors lie within the smaller ellipse, and that 99 percent lie within the
outer ellipse.
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Conditional Wind Speed Given Wind Direction (Figures E-55 through E-72)

The five wind component parameters from Tables A-1 and A-7 were used to evaluate the
conditional probability distribution function, equation 41. interpolations of the conditional
function are made to obtain the 5th, 15th, 50th (median), 85th, 95th, and 99th conditional
percentile values of wind speed, given wind directions, are as shown in Figures E-55 through
E-72. The conditional mean wind speed, given wind direction, is obtained from equation 40.
The conditional mode (most probable) wind speed given wind direction is obtained from
equation 38. The conditional mean wind speed and the conditional wind speed modal value,
given the wind direction, are also shown. For some figures, conditional wind speed values are
invalid for a given wind direction near 270 degrees (from the west); this is caused by the lack
of computational precision in evaluating equations 40 and 41 when arguments for the
Gaussian probability distribution have large negative values; i.e., when the coefficients (b/a)
become less than -4 in these equations.




' TABLE E-1. Derived (Rayleigh) Percentiles for Windspeed (M/S), January.

ALTITUDE (KM)

PERCENTILE 2 KM 4 KM 8 KM 12 KM 16 KM 20 KM 24 KM 28 KM 30 KM
0.010 0.720 1.396 2.745 3.521 2.746 1.014 1.242 1.768 2.036
0.025 1.140 2.211 4.357 5.534 4.270 1.608 1.972 2.810 3.232
0.050 1.624 3.142 6.177 7.789 5.914 2.281 2.795 4.018 4.624
0.100 2.335 4.492 8.791 10.936 8.109 3.257 3.991 5.786 6.669
0.150 2.912 5.574 10.861 13.341 9.708 4.030 4.943 7.222 8.332
0.200 3.431 6.523 12.669 15.379 11.032 4.708 5.779 8.497 9.826
0.300 4.384 8.216 15.867 18.899 13.250 5.922 7.285 10.853  12.605
0.400 5.313 9.799 18.808 22.058 15.200 7.058 8.716 13.154 15.351
0.500 6.281 11.372 21.705 25.109 17.054 8.198 10.184 15.573 18.270
0.600 7.3%52 13.025 24.718 28.238 18.934 9.413 11.788 18.272 21.572
0.700 8.616 14.867 28.046 31.662 20.971 10.796 13.675 21.508 25.547
0.800 10.253 17.106 32.040 35.747 23.382 12.531 16.131 25.718 30.728
0.850 11.335 18.519 34.553 38.305 24.870 13.655 17.761 28.513  34.161
0.900 12.768 20.338 37.757 41.565 26.757 15.134 19.936  32.203  38.650
0.950 15.013 23.131 42.641 46.522 29.563 17.448  23.355 37.943  45.659
0.975 17.057 25.645 46.976 50.926 32.040 19.553 26.473  43.111 51.949
0.990 19.512 28.625 52.217 56.289 34.917 22.076 30.218 49.224 $9.343

' TABLE E-2. Derived (Rayleigh) Percentiles for Windspeed (M/S), July.
ALTITUDE (KM)

PERCENTILE 2 KM

S
=
<
o]
=
<4

12 KM 16 KM 20 KM 24 KM 28 KM 30 KM

0.010 0.668 0.803 1.494 2.481 0.992 1.828 6.273 8.928 9.578
0.025 1.065 1.272 2.365 3.904 1.574 2.485 7.136 9.896 10.686
0.050 1.522 1.808 3.361 5.528 2.241 3.080 7.884 10.713 11.632
0.100 2.206 2.589 4.805 7.845 3.210 3.796 8.750 11.670 12.725
0.150 2.768 3.211 5.953 9.642 3.985 4.293 9.337 2.318 13.470
0.200 3.277 3.759 6.962 11.193 4.667 4.692 9.807 12.835 14.063
0.300 4.229 4.744 8.770 13.898 5.895 5.348 10.570 13.676 15.029
0.400 5.155 5.668 10.457 . 16.361 7.045 5.916 11.221 14,392 15.851
0.500 6.102 6.593 12.131 18.747 8.194 6.453 11.832 15.066 16.625
0.600 7.103 7.571 13.883 21.196 9.407 6.994 12.442 15.736 17.399
0.700 8.212 8.670 15.828 23.874 10.760 7.578 13.095 16.456 18.226
0.800 9.543 10.017 18.178 27.059 12.406 8.269 13.863 17.302 19.200
0.850 10.369 10.873 19.650 29.034 13.441 8.695 14.334 17.821 19.796
0.900 11.415 11.974 21.523 31.540 14.762 9.233 14.926 18.472 20.544
0.950 12.974 13.654 24.339 35.276 16.765 10.037 15.799 19.430 21.655
0.975 14.337 15.155 26.837 38.581 18.541 10.751 16.565 20.270 22.625
0.990 15.957 16.956 29.819 42.461 20.628 11.602 17.464 21.262 23.7177
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Figure E-1. Wind Direction Frequency, January, 2 KM.
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Figure E-2. Wind Direction Frequency, January, 4 KM.
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Figure E-3. Wind Direction Frequency, January, 8 KM.
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Figure E-4. Wind Direction Frequency, January, 12 KM.
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Figure E-5. Wind Direction Frequency, January, 16 KM.
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Figure E-6. Wind Direction Frequency, January, 20 KM.
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Figure E-7. Wind Direction Frequency, January, 24 KM.
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Figure E-8. Wind Direction Frequency, January, 28 KM.
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Figure E-9. Wind Direction Frequency, January, 30 KM.
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Figure E-12. Wind Direction Frequency, July, 8
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Figure E-13. Wind Direction Frequency, July, 12 KM.
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Figure E-14. Wind Direction Frequency, July, 16 KM.
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Figure E-15. Wind Direction Frequency, July, 20 KM.
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Figure E-20. Wind interpercentile Range and Mean, January, 4 KM.
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Figure E-24. Wind Interpercentile Range and Mean, January, 20 KM.
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Figure E-26. Wind Interpercentile Range and Mean, January, 28 KM.
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Figure E-27. Wind Interpercentile Range and Mean, January, 30 KM. ‘
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Figure E-29. Wind Interpercentile Range and Mean, July, 4 KM.
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Figure E-32. Wind Interpercentile Range and Mean, July, 16 KM.
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Figure E-33. Wind Interpercentile Range and Mean, July, 20 KM.
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Figure E-37. Wind Probability Ellipses, January, 2 KM.

)
—

- | B —— T . -T

;éd -10 0 1b 20 30 40
U COMP M/S

40
50
20
10
0

~10;

"

—r—

—-40 -30

Figure E-38. Wind Probability Ellipses, January, 4 KM.

¥ T

-60 —50 -40 -30 -20 -10 O 10 20 30 40 50 60
U COMP M/S

Figure E-39. Wind Probability Ellipses, January, 8 KM.
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Figure E-44. Wind Probability Ellipses, January, 28 KM.
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Figure E-45. Wind Probability Ellipses, January, 30 KM.
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Figure E-47. Wind Probability Ellipses, July, 4 KM.
40
)
20
0.
]
~10; &J
~20
~30
_40- T . T v T T T - rr
-40 -30 -20 -10 0 10 20 30 40

U COMP M/S
Figure E-48. Wind Probability Ellipses, July, 8 KM.
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Figure E-49. Wind Probability Ellipses, July, 12 KM.
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Figure E-50. Wind Probability Ellipses, July, 16 KM.
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Figure E-52. Wind Probability Ellipses, July, 24 KM.
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Figure E-53. Wind Probability Ellipses, July, 28 KM.
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Figure E-54. Wind Probability Ellipses, July, 30 KM.

E-21




j R(BAR) ©—a—& .
] R(MOD) -+—+—t

99 TH

95 TH

85TH .

50 TH

15TH
STH

T T T T

T T 1 T T
0 45 90 135 180 225 270 315 360
WIND DIRECTION (DEGREES)

Figure E-55. Conditional Wind Speed Given Direction, January, 2 KM.
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Figure E-57. Conditional Wind Speed Given Direction, January, 8 KM.
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Figure E-59. Conditional Wind Speed Given Direction, January, 16 KM.
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Figure E-61. Conditional Wind Speed Given Direction, January, 24 KM.
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Figure E-62. Conditional Wind Speed Given Direction, January, 28 KM.
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Figure E-63. Conditional Wind Speed Given Direction, January, 30 KM.
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Figure E-64. Conditional Wind Speed Given Direction, July, 2 KM.
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Figure E-65. Conditional Wind Speed Given Direction, July, 4 KM.
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‘ Figure E-66. Conditional Wind Speed Given Direction, July, 8 KM.
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Figure E-67. Conditional Wind Speed Given Direction, July, 12 KM.
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Figure E-68. Conditional Wind Speed Given Direction, July, 16 KM. ‘
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Figure E-69. Conditional Wind Speed Given Direction, July, 20 KM.
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APPENDIX F
Thermodynamic Statistics Derivable from Appendix B, C, and D Tables

This appendix qives graphic examples of certain pressure, density, and virtual
temperature statistics that can be derived from basic data in Appendices B, C, and D.
These examples should help RRA users in understanding and visualizing the
relationships that can be inferred from data in Appendices B and D.

Monthly Means from the Annual Mean

The hydrostatic model values in Appendix D are used to compute monthly mean ditferences
relative to annual mean values of pressure, density, and virtual temperature (expressed in
percent), and the monthly mean difference in virtual temperature for annual mean virtual
temperature (expressed in kelvin, K). Examples of these four statistics are given in Tables
F-1 (January) and F-2 (July); graphic displays of the four statistics contained in these tables
are then provided by Figures F-1 through F-8. The relative differences between monthly
mean values (from Tables D-1 through D-12 for all months) and annual mean values (Table
D-13) are illustrated in Figures F-9 and F-18 for pressure, Figures F-10 and F-12 for density,
and Figures F-13 and F-14 for virtual temperature. Differences between monthly mean virtual
temperature differences and annual mean virtual temperature for all months are given in
Figures F-15 and F-16.

Coefficients of Varlation and Derived Correlation Coefficients.
The coefficient of variation (C,) is defined as "the standard deviation with respect to the

mean divided by the mean.” Coefficients of variation for pressure (C,P) and density (C, D)

were computed using standard deviations in Appendix B and the hydrostatic mean values in
Appendix E. The coefficient of variation for temperature uses the standard deviations of
virtual temperature from Appendix C to the altitude at which virtual temperature exists;
above that altitude, standard deviations of temperature are from Appendix B. Mean values
for virtual temperature to the altitude at which it exists and above are taken from Appendix
E. No distinction is made between virtual temperature and temperature in Table F-3, Table
F-4, or any of the figures.

From the coefficients of variation for pressure and temperature (virtual temperature to the
altitude at which it exists), correlation coefficients between these quantities are derived using
Buell's method--see Chapter 3. The three equations for the derived correlation coefficients
in Tables F-3 and F-4 are:

_(CyTY +(CyP) - (CvD)
RP.T) = AC T+ CoP)

(F-1)

_ (Cvl))’2 - (C\,?)2 + (Cv”)z
R(PD) = 2ICVD'CVPI

(F-2)

F-1




PY2 — (CyD)? - (CyT)?
rap) = e o (F-3)

To test for validity of derived correlation coefficients, all three of the following inequalities must
be satisfied:

CvP—(CvD-O-CvT) <0

CvD—(CvT-i-Cvl’) <0 (F-4)

CyT - (Cvp + CvD) <0
in the examples (Tables F-3 and F-4), the numerical values from equation F-4 are usually
negative, and the derived correlation test is considered valid. However, when any of the
inequalities are not satisfied, "9.999" (missing) is written in the table. The rare exceptions to this

test for several RRAs occur at extremely high altitudes where sample sizes for the statistical
sample are small.

Statistical parameters from Table F-3 (January) and Table F-4 (July) are illustrated in Figures
F-17 through F-20.

C,P values for all months are given in Figures F-21 and F-22. C,D values are given in Figures
F-23 and F-24, and C, T values in Figures F-25 and F-26. If the abscissa on the figures for the

coefficient of variation is multiplied by 100, these figures would show the percentage of random
dispersion for these quantities over the month with respect to the monthly mean.

Derived correlation coefficients for all months are shown as follows: Figures F-27 and F-28 give
R(P,D);, Figures F-29 and F-30 give R(P,T), and Figures F-31 and F-32 give R(T,D).
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TABLE F-1. Deltas in Percent Relative to Annual, Nellis, January.

RLEVEL PRESSURE DENSITY TEMP. TMO-TANN (K)
0.000 0.784 4.893 ~3.917 -11.670
1.000 0.333 3.975 ~3.501 -10.210
1.007 0.344 3.978 ~3.494 -10.190
2.000 ~0.039 3.176 ~3.115 -8.890
3.000 ~0.394 2.040 -2.383 -6.630
4.000 ~0.675 1.363 ~2.009 -5.450
5.000 -0.931 1.056 ~1.966 -5.200
6.000 ~1.205 0.826 -2.015 -5.190
7.000 -1.467 0.497 -1.951 -4.890
8.000 ~1.770 0.229 -1.993 -4.870
9.000 -2.065 -0.235 -1.834 ~4.400
10.000 ~2.436 3.296 -5.551 -13.140
11.000 ~2.732 4.276 -6.721 -15.750
12.000 ~2.905 -2.185 -0.738 -1.610
13.000 ~2.938 -3.27¢6 0.348 0.750
14.000 ~2.869 ~3.775 0.945 2.020
15.000 -2.733 -3.663 0.965 2.040
16.000 ~2.572 -3.222 0.672 1.410
17.000 -2.553 -2.838 0.291 0.610
18.000 -2.524 -2.404 -0.124 -0.260
19.000 -2.576 -2.112 -0.473 -1.000
20.00¢C -2.688 -1.961 -0.741 -1.580
21.000 -2.807 -1.842 -0.983 -2.110
‘ 22.000 -3.014 -1.889 -1.148 -2.480
23.000 -3.238 -1.908 -1.352 -2.940
24.000 -3.419 -1.906 -1.544 -3.380
25.000 -3.683 -1.973 -1.747 -3.850
26.000 -3.911 -2.106 -1.844 -4.090
27.000 -4.211 -2.277 -1.975 -4.410
28.000 -4.483 -2.489 -2.047 -4.600
29.000 -4.713 -2.646 -2.121 -4.800
30.000 -4.762 -2.859 -1.958 ~4.460

F-3




TABLE F-2.

Deltas in Percent Relative to Annual, Nellis, July.

RLEVEL PRESSURE DENSITY TEMP . TMO-TANN (K)
0.000 -0.581 -4.637 4.253 12.670
1.000 -0.105 -4.022 4.081 11.900
1.007 -0.093 -4.009 4.081 11.900
2.000 0.348 -3.413 3.896 11.120
3.000 0.789 -2.621 3.501 9.740
4.000 1.209 -1.881 3.152 8.550
5.000 1..602 -1.347 2.990 7.910
6.000 2.020 -1.018 3.066 7.900
7.000 2.418 -0.743 3.188 7.990
8.000 2.903 ~-0.028 2.934 7.170
9.000 3.357 1.612 1.717 4.120
10.000 3.966 3.751 0.207 0.490
11.000 4.473 4.227 0.235 0.550
12.000 4.801 2.731 2.016 4.400
13.000 5.021 4.567 0.436 0.940
14.000 4.987 6.086 -1.034 -2.210
15.000 4.800 6.669 ~1.754 -3.710
16.000 4.499 6.255 ~1.654 -3.470
17.000 4.302 5.433 ~1.074 -2.250
18.000 4.191 4.636 ~0.423 -0.890
19.000 4.139 3.920 0.213 0.450
20.000 4.247 3.517 0.709 1.510
21.000 4.305 3.242 1.025 2.200
22.000 4.509 3.195 1.273 2.750
23.000 4.725 3.281 1.398 3.040
24.000 4.853 3.325 1.480 3.240
25.000 5.138 3.461 1.620 3.570
26.000 5.396 3.612 1.722 3.820
27.000 5.519 3.653 1.800 4.020
28.000 5.751 3.814 1.864 4.190
29.000 5.863 3.891 1.900 4.300
30.000 6.036 4.062 1.897 4.3200
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' TABLE F-3. Coefficients of Variation/Correlation Coefficients, January.

LEVEL CVP CVD CVT R(P,T) R(P, D) R(T,D)
0.000 0.008 0.040 0.035 -0.478 0.622 -0.985
1.000 0.007 0.023 0.022 0.066 0.220 ~-0.959
1.007 0.007 0.023 0.022 -0.031 0.315 ~0.958
2.000 0.007 0.016 0.018 0.458 -0.067 -0.918
3.000 0.009 0.015 0.020 0.751 ~0.436 -0.922
4,000 0.011 0.013 0.021 0.858 -0.553 -0.903
5.000 0.013 0.011 0.021 0.898 -0.54¢ -0.859
6.000 0.016 0.010 0.022 0.908 -0.391 -0.741
7.000 0.019 0.009 0.022 0.888 0.246 ~0.229
8.000 0.021 0.011 0.020 0.913 0.858 0.573
9.000 0.024 0.015 0.017 9.999 9.999 9.999
10.000 0.025 0.023 0.016 0.423 0.781 ~0.236
11.000 0.025 0.034 0.020 ~0.122 0.816 -0.674
12.000 0.024 0.042 0.026 -0.412 0.830 -0.850
13.000 0.023 0.040 0.024 -0.440 0.838 ~0.859
14.000 0.021 0.034 0.018 -0.444 0.874 ~0.823
15.000 0.020 0.032 0.017 -0.520 0.892 ~0.850
16.000 0.018 0.032 0.018 -0.565 0.884 ~0.885
17.000 0.017 0.030 0.018 -0.445 0.837 ~0.863
18.000 0.016 0.027 0.018 -0.227 0.744 ~0.820
19.000 0.016 0.023 0.018 0.054 0.629 ~0.742
20.000 0.016 0.020 0.018 0.353 0.501 ~-0.632
21.000 0.017 0.016 0.018 0.577 0.415 ~0.504
22.000 0.019 0.016 0.019 0.677 0.407 -0.397
23.000 0.022 0.015 0.019 0.732 0.48¢ ~0.239
. 24.000 0.023 0.016 0.020 0.747 0.561 ~0.130
25.000 0.026 0.018 0.020 0.724 0.633 ~0.078
26.000 0.027 0.020 0.020 0.685 0.698 ~0.046
27.000 0.029 0.022 0.019 0.649 0.741 ~0.030
28.000 0.030 0.025 0.020 0.573 0.747 ~0.117
29.000 0.031 0.027 0.021 0.510 0.736 ~0.206
30.000 0.032 0.030 0.023 0.448 0.734 ~0.278
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TABLE F-4. Coefficients of Variation/Correlation Coefficient, July.

LEVEL CVP cvD CVT R(P,T) R(P, D) R(T,D)
0.000 0.005 0.043 0.038 -0.916 0.934 -0.999
1.000 0.003 0.024 0.024 -0.277 0.381 -0.994
1.007 0.003 0.024 0.023 -0.212 0.322 -0.993
2.000 0.003 0.011 0.012 0.269 -0.028 -0.971
3.000 0.003 0.008 0.010 0.608 -0.326 -0.949
4.000 0.004 0.007 0.009 0.671 -0.231 -0.876
5.000 0.005 0.006 0.008 0.675 -0.040 -0.764
6.000 0.006 0.006 0.008 0.673 0.060 -0.699
7.000 0.006 0.006 0.009 0.717 -0.007 -0.702
8.000 0.007 0.006 0.010 0.758 0.007 -0.648
9.000 0.008 0.007 0.010 0.748 0.103 -0.583
10.000 0.010 0.007 0.010 0.672 0.569 -0.227
11.000 0.011 0.009 0.010 0.640 0.522 -0.321
12.000 0.011 0.011 0.010 0.540 0.546 -0.410
13.000 0.012 0.015 0.010 0.099 0.720 -0.619
14.000 0.012 0.019 0.013 -0.192 0.746 -0.796
15.000 0.011 0.022 0.015 -0.336 0.752 -0.873
16.000 0.010 0.021 0.016 -0.350 0.733 -0.894
17.000 0.010 0.017 0.013 -0.141 0.658 -0.838
18.000 0.010 0.014 0.011 0.117 0.585 -0.737
19.000 0.010 0.011 0.009 0.268 0.638 -0.571
20.000 0.010 0.010 0.008 0.428 0.692 -0.356
21.000 0.011 0.009 0.008 0.539 0.714 -0.206
22.000 0.012 0.010 0.008 0.583 0.717 -0.148
23.000 0.012 0.010 0.008 0.612 0.788 -0.005
24.000 0.013 0.010 0.008 0.688 0.820 0.148
25.000 0.014 0.010 0.008 0.705 0.835 0.199
26.000 0.015 0.011 0.008 0.720 0.849 0.244
27.000 0.016 0.011 0.009 0.712 0.837 0.212
28.000 0.017 0.012 0.009 0.728 0.858 0.274
29.000 0.018 0.014 0.010 0.666 0.841 0.158
30.000 0.019 0.014 0.010 0.657 0.856 0.173

F-6




TSX MOC—A——Ar—>

-wr

TR MoOoOCH——Ar >

301
25
20 3

15 4

e — —— — —— ——— —— T—— ———— —

30— — — — — —
251
20— — — — — — —

15

wj— - - - —- — — —

-

———r

2 4 6 8 10
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Figure F-14. Delta Percent Relative to Annual Temperature, July-December.
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Figure F-22. Coefficients of Variation for Pressure, July-December.
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Figure F-32. Correlation Coefficients for Temperature & Density, July-December.
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APPENDIX G
NELLIS (Desert Rock) Descriptive Data
To prevent turther character size reduction in the tables given in Appendices A-D,

certain range-specific information for Desert Rock has been omitted. The most
important information follows:

Header Record 0-30 km
Table NUMbDEr. ... 0
Data Source (1=DATSAV, 2=WDC-A).........ccoccecereeriiin 1
Call LeMEIS.......oeeiiiiieeeee e, KDRA
WMO NUmMDer. ... 723870
Latitude. ..o, 36° 37’
Direction (N Or S)....ooooviiiiiiie e N
Longitude.........coooiiiiiiiiiii 116° 01’
Direction (E o W).. ..o W
Elevation in Meters.............ccoceeiveieiiiiiei e, 1,009
Start Period of Record (MO-Yr)...cc..ooviiviiiiiiicee 678
End Period of Record (MO-YTr).........coviiiiiiiiiines 1286
No. of Time Windows (0,1, 07 2)..........ccciiviieeeriiiiiiiins 0
Start Time Window #1 (Hr-Mhz)...........oooooi 0
End Time Window #1........cccoiiiiiiiiiie e 0
Start Time WINdow #2..........ooioiiiiiiiieeeeeeee e 0
End Time Window #2.......cccooiiiies oo 0
Date of RRA ...t 1290
Altitude Range of RRA Low-Level (km)........ccccoeeiinenn 0
Altitude Range of RRA High-Level (km)..................c..... 30
Standard Deviation of Thermodynamics Limits ............. 6.0
WINA LimitS. ..o 16.0
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The following data is only required for RRAs that go to 70 km:

Table Number

Data Source (1=DATSAV, 2=WDC-A)
Call Letters

WMO Number

Latitude

Direction (N or S)

Longitude

Direction (E or W)

Elevation in Meters

Start Period of Record (Mo-Yr)

Enc Period of Record (Mo-Yr)

No. of Time Windows (0,1, or 2)

Start Time Window #1 (Hr-Mnz)

End Time Window #1

Start Time Window #2

End Time Window #2

Date of RRA

Altitude Range of RRA Low-Level (km)
Altitude Range of RRA High-Level (km)
Standard Deviation of Thermodynamic Limits
Wind Limits
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